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ABSTRACT
The first objective of this research was to develop a
decondensation treatment for bovine spermatozoal DNA that
worked consistently across bulls and breeds.

The second

objective was to use the decondensed DNA for polymerase
chain reaction analysis of levels of Y-bearing spermatozoa
in different ejaculates and in sex sorted spermatozoa.
Decondensation of spermatozoa with dithiothreitol and
potassium hydroxide was compatible with in vitro amplifi
cation and did not inhibit amplification.

The polymerase

chain reaction and image analysis were used to differenti
ate between proportions of Y spermatozoa by measuring
fluorescent intensities of electophoresed, polymerase
chain reaction-amplified DNA.

There were differences in

intensities of amplified DNA between bulls and between
ejaculates within bulls. _ Using the mean intensity measure
from the analysis, percent Y-bearing spermatozoa was found
to range from 26.5% to 95.5% with an average across all
ejaculates of bulls of 50.8%.

Intensities of sex chromo

some sorted spermatozoa from 5 bulls were measured and
differences in fluorescent intensity of DNA of Y-enriched
sperm samples were found in 1 of 5 bulls.

ix

CHAPTER 1.

INTRODUCTION

The separation of spermatozoa into X and Y chromosome
enriched sperm populations has been attempted for d e c a d e s .
In humans,

the technique would aid couples heterozygous

for a sex linked genetic disease in having a healthy baby.
In the agricultural industry,
semen are economic.

the reasons for sorting

Dairy farmers desire females to re 

place' cows in the milking and breeding herd.

Bull studs

want bull calves to bring into artificial insemination
programs and beef producers desire male calves for beef
production.
Several techniques for sperm separation have been
developed.

They include bovine serum albumin columns,

Sephadex columns,

glass wool columns,

gradients, and flow cytometry.

Percoll density

These methods work with

varying degrees of success from no change in the sex chr o 
mosome ratio with some columns to a 25% enrichment using
flow sorting of cells.
Separation techniques have to be validated by methods
other than costly time consuming breeding trials.

Some

techniques employed include in situ hybridization,

in

vitro

fertilization, embryo karyotyping, and fluorescent

probes.

1
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With the advent of the polymerase chain reaction
(PCR), identification of single genes or specific DNA
sequences was greatly enhanced.

The PCR allows accurate

detection of a single gene copy by amplifying the sequence
making it readily detectable by gel electrophoresis and
ethidium bromide staining.

The polymerase chain reaction

can be used to quantitate DNA amplified by measuring f l u o 
rescence using a sensitive camera and an image analysis
system.
The objectives of these studies were to develop an in
vitro decondensation method for bovine spermatozoal DNA,
to find a bovine Y chromosome specific DNA sequence that
could be amplified by PCR, and to use image analysis to
evaluate inherent sex ratios in cattle,
separation techniques.

and validate sperm

CHAPTER 2.

REVIEW OF LITERATURE

Spermatozoal DNA
Mammalian spermatozoal DNA is the most highly c o n 
densed DNA of eukaryotic species

(90, 123, 124).

It is at

least six times more tightly packed than the DNA of s o 
matic cell chromatin

(123, 124).

The volume of a sperm
3

cell nucleus is approximately 21/i compared to the average
3

somatic cell nucleus that has a volume of about 520fi
(90).

The mouse sperm cell nucleus is 40 times smaller

than the mouse liver cell nucleus yet contains half the
amount of DNA

(123).

Chromatin in somatic cells is arranged in a solenoid
array

(113, 124).

a nucleosome,

Chromatin is wrapped 1.75 times around

and the nucleosomes are arranged in a sole

noid structure of 3 0 nm width

(113).

present in spermatozoal nuclei,
arranged in a solenoid array.
in a ’
'linear array,

Nucleosomes are not

so the chromatin is not
The chromatin is arranged

a sheet of DNA, tightly linked by the

intermolecular disulfide bonds of the protamines

(122).

Cysteine residues present in mammalian spermatozoal
protamines form disulfide bonds that increase both the
mechanical and chemical stability of spermatozoal chroma
tin

(33, 88, 89).

The disulfide bonds lock the protein

around the DNA, compacting the chromatin

3

(7).

After

4
fertilization,

the disulfide bonds are broken down by a

sperm nucleus-decondensing factor in the oocyte and the
chromatin is decondensed

(4).

The nuclear DNA in the mature spermatozoan is inac
tive

(122) until after fertilization.

Ward

(122) su g 

gested that nucleosomes functioned to package active DNA
in somatic cells, revealing or hiding regulatory DNA s e 
quences from transcription factors.

Spermatozoal DNA,

being inactive until after fertilization does not require
nucleosomal arranging.
Parrish et al.

(84) found that capacitation could be

induced in bovine spermatozoa by incubation in the p r e s 
ence of heparin.

They also reported that exposure of

sperm cells to lysophosphatidylcholine induced the acrosome reaction.
Upon fertilization,

spermatozoal DNA unravels or is

decondensed before the male pronucleus is formed.

Decon

densation requires a reduction of the disulfide bonds that
link the DNA sheets-(57).

In in vivo fertilization,

the

disulfide reduction is presumably caused by reduced gluta
thione in the oocyte

(57, 87).

Jager et al.

(57) reported

that in vitro decondensation studies required supplemen
tary factors such as detergents, proteases or high salt
concentrations.

5
Jager et a l . (57) studied the effects of heparin and
other polyanions on decondensation rates of bull, human
and mouse spermatozoa.

They found that heparin caused DNA

decondensation only in cells where the membranes had been
altered by detergents or by freezing and thawing. They
theorized that the polyanion heparin competed with protamines to bind DNA, thus the strong protamine-DNA bonds
were broken and the DNA allowed to decondense
Ward and Coffey

(57).

(123) discovered the nuclear annulus

in the implantation socket of the head where the tail
attaches to the sperm head. When applying DTT treatments
to hamster sperm nuclei, DNA decondensed and expanded
outward but remained anchored to the tail through the
sperm nuclear annulus.

They concluded that the annulus

played a role in the decondensation of sperm DNA.
Perreault et a l . (86) related discrepancies in the
stability of sperm nuclei between species to a difference
in the stability and number of disulf-ide bonds in sper m a 
tozoal DNA.

It is possible that this difference exists

not only between species, but also breeds,
within a breed.

Morcos and Swan

and individuals

(76) compared deconden

sation rates of rat and ram sperm DNA in the presence of
Triton X-100 and DTT.

They theorized that since there was

a difference in the number of cysteines in sperm cell PI

6
protamine in the 2 species

(7 in rams and 9 in rats)

number of disulfide bonds also differed.

the

A higher level

of disulfide bonds required a higher DTT level for decon
densation .
Most mammalian spermatozoa were found to have only 1
type of protamine, predominantly PI
reportedly had a second protamine

(52).

(P2):

stallion and certain hamster species.

A few species
mouse,

human,

Perreault et a l .

(86) related decondensation rates of several mammals to
relative amounts of P2 to PI.

They found that the rates

followed this order: human > chinchilla > mouse > hamster
> rat > bull

(86).

Bull sperm DNA was found to have 7 cysteine residues
per PI protamine

(52).

This was the same as in the ram,

but the total number of protamines could differ,
the method of PI protamine binding to DNA.

as could

Balhorn

(7)

reported that the centrally located polyarginine of the PI
protamine bound to the minor groove of DNA, linking it to
the phosphodiester backbone and enabling disulfide bonds
to form.

The free amino and carboxyl tails were free to

interact with other protamines to further link DNA into
its tightly packed conformation.

Total murine protamine

was stated to be about 20% less than bovine

(7).

Differ

ent total PI protamines would mean different disulfide

7
bond numbers and thus different decondensation rates

(57,

86) .

Lasalle and Testart

(69) reported that sulfide reduc

ing agents such as dithiothreitol

(DTT) and reduced glu t a 

thione did not induce nuclear decondensation without the
aid of a detergent,
X-100,

sodium dodecyl sulfate

to disrupt membrane integrity.

(SDS) or Triton

Both studies showed

that before sperm nuclear DNA decondensed,

the nuclear

membranes had to be made permeable to disulfide reducing
agents.
Dithiothreitol is a mucolytic disulfide reducing
agent that has been used to treat pulmonary disease
Barmatz et al.

(10) .

(10) reported that spermatozoa treated with

DTT alone showed no change in motility,
chondrial integrity.

acrosomal or mi t o 

They found that DTT decreased v i s 

cosity of liquefied human semen.
Sodium dodecyl sulfate is an anionic detergent that
disrupts lipid membranes

(69).

Triton X-100 is a n o n 

ionic surfactant and a mild detergent

(105).

Treatment of

spermatozoa with either of these detergents disrupted the
plasma membrane and allowed a reducing agent to internal
ize and decondense the nuclear DNA (69).
The interaction of spermatozoal DNA with heparin,
detergents,

and sulfide reducing agents varies within and

between species.

Parrish et a l . (84) found it difficult

to establish a universal heparin treatment because of the
variation of heparin response between species.
Perreault et a l . (86) found differences in the s t a 
bility of sperm nuclei in the human, hamster,
mouse, bull and rat.

chinchilla,

They related the divergence to the

number and stability of the disulfide bonds in the sperm
nuclear DNA.

Jager et a l . (57) also reported variations

in decondensation treatment responses within and among
species .(bull, mouse and human) noting that bull spermato
zoa required 10 times more DTT than other species to r e 
duce nuclear disulfide bonds.
Sex Ratios
The expected ratio of female to male offspring in a
population is 1:1, but the actual ratio can vary
cantly

(81).

There are 3 types of sex ratios

signifi

(81).

The

primary sex ratio is the ratio of male to female zygotes,
while secondary sex ratios are sex ratio at birth.

The

tertiary sex ratio is the proportion of males to females
at puberty.

Nalbandov (81) contended that,

if the sex of

embryos was determined by the gonosomes alone,

there would

be no deviation from the expected 1:1 sex ratio.

The

secondary-sex ratios of several animals were reported and

varied from 48.6% males in chickens to 77.9% male o f f 
spring in the canary

(81).

Reported secondary-sex ratios of calves ranged from
51.8% to 53.1% male

(81, 99) with 69% males was observed

in aborted and stillborn calves

(81, 99).

Hafs

(49) stat

ed that sex ratios in young fetuses favored males, but
with a higher proportion of embryonic death in males,

the

ratio approached the expected 1:1 at birth.
Hainan

(50) stated that sex determination could not

be attributed to sex chromosomes alone, but also to the
effects of several genes.

Nalbandov

(81) discussed the

theory that both genetic and environmental factors a f 
fected the sex ratios.
ratios were diet
parents

Some factors that changed sex

(99), stress, age of gametes,

(81), frequency of ejaculation,

and season

age of

female parity,

(81, 99) ..

Alados and Escos

(2) studied variations in the sex

ratios of Cuvier's gazelle.

They reported that older

mothers produced more male offspring than female.

They

also stated that when the number of breeding males d e 
clined, more males than females were born in the subse
quent season.
Lambin studied the sex ratio in Townsend's voles by
sexing and marking pups of female voles confined on half

10
acre grassland plots

(68) .

He found that the sex ratio of

litters varied according to vole density levels.

In years

with low vole numbers, more female pups were born

(66-69%)

than males

(68) .

In years with high numbers of voles,

sex ratios were 1:1.

the

The theory behind the phenomenon was

that in years with low vole numbers there was less compe
tition for food and space between breeding females.

More

available food and nesting areas enhanced cooperation
between animals and made conditions favorable for more
females to be born.
The sex ratio of elephant seal pups in relation to
maternal size was studied by Arnbom et a l . (5).

Larger

pups were born to larger mothers regardless of sex, but no
male pups were born to smaller female seals

(<296 k g ) .

Male pups required more nutrient energy from the mother
than female pups, and lighter female seals did not have
the energy reserves to nourish male offspring

(5).

The sex ratio of offspring from caribou and other
ungulates was reportedly influenced by the availability of
food

(54).

More males were born in years with poor nutri

tion supposedly to regulate the size of the herd.

In

years with abundant food supplies, more females were born.
Hoefs and Nowland (54) evaluated the sex ratios of 6 ungu
late species in captivity, and found more female than male
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offspring in all 6 species, purportedly due to the high
level of nutrition available to the animals.
In humans, the average ratio of X to Y bearing sper
matozoa across 98 men was 50.3% as reported by Lobel et
a l . (74) .

They reported a variation in percent Y chromo

some bearing spermatozoa from the average,
41.9% to 56.7% Y bearing cells

ranging from

(74).

Sex Preselection
The desire to control the sex of livestock offspring
dates back to the beginning of animal husbandry

(67).

The

separation of spermatozoa into X and Y chromosome bearing
populations has been attempted for decades

(46).

There are several reasons for sorting spermatozoa.
In humans,

the technique could aid couples who are hetero

zygous for sex linked genetic disorders in having healthy
babies

(12, 75) .

There are about six thousand heritable disorders in
humans,

370 of which are linked to the X chromosome

(63) .

Expression of the disorders is usually limited to male
offspring of carrier mothers.

Johnson et a l . (63) r e 

ported that flow sorting of human spermatozoa enriched the
X chromosome bearing population to 82%.

They stated that

the technology would be helpful in conjunction with in
vitro fertilization for couples with X-linked diseases.
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In the agricultural industry,
sorting sperm is economics.

the primary reason for

Dairy farmers desire females

to replace cows in the milking and breeding herd

(40, 46).

Milk production per cow has increased since the 1 8 0 0 's
(22).

Up until the 1960's this increase was attributed to

improved management,

then genetic selection began to in 

fluence milk production

(22).

Galligan and Ferguson

(42)

stated that genetic improvement alone increased yearly
milk yield by 250-400 lbs in herds using artificial insem
ination

(A.I.).

Artificial insemination is used in about 70% of dairy
cattle and with the use of genetically superior sires,

the

average yearly milk production in the U.S. has increased
from about 7000 lbs per cow in 1960
1980,

(83), to 11,800 lbs in

(83) and to 15,800 lbs per cow in 1994

(118).

The

total number of dairy cows decreased from 22 million in
1950 to just under 10 million in 40 years.

Today's dairy

cows produce 22% more milk than twice their number p r o 
duced in 1950

(118).

Bull calves are not as desirable as heifers on dairy
farms.

With the majority of dairy producers using A.I.,

few bulls are kept for breeding purposes.

Even fewer bull

calves are genetically qualified to enter artificial bree
ding programs; most are sold to beef or veal operations.
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Over 60% of bulls that enter sampling programs at A.I.
centers are results of contract or planned breeding

(70) .

The sires of young sires are chosen from bulls ranked in
the top 5% of A.I. bulls

(70).

The dams of young sires

are chosen from the elite group of cows or super dams that
comprises the top 0.1% of cows in the country (70, 82).
There are currently 7,900 elite Holstein cows in the U. S.
(82).

A rigid selection procedure is implemented in

choosing young sires for A.I., so dairy bull calves are
mostly destined for beef operations.

Dairy farmers would

profit more from heifer calves than bulls.
Herd genetic improvement by the dairy producer can be
made more rapidly through heifers.

Foote and Miller

(40)

reported that having the ability to choose the sex of o f f 
spring and controlling which dams produced replacements
increased relative genetic progress 30%.

They based their

calculations on a 100 cow herd with a 20% replacement
rate.

Assuming that 40 heifers were born and survived to

two years of age, the producer would have 40 heifers from
which to choose 20 replacements.
theoretically,

With sex preselection,

the producer would have 80 heifers from

which to select 20 replacements.

A potential increase in

milk production per heifer from replacement selection was

14
calculated as 40 lbs/year without sex selection, and 64
lbs/year with selection

(40).

Beef producers prefer males for feedlot or range
operations.

Bull calves and steers have higher average

daily gains and heavier yearling weights than heifers
111).

(40,

Yearling steers of 600-800 lbs will gain about 3

lbs of weight per day in a feedlot

(91).

Yearling heifers

at 500-700 lbs gain 2.5-2.9 lbs/day in the feedlot

(91).

Heifers do not gain weight as quickly as steers, but b e 
come fatter sooner,
feedlots

(77).

thus decreasing the time required in

Steers are fed at feedlots for about 4

months until they reach 1000 to 1200 lbs

(91).

Heifers

weigh 600-700 lbs when they are marketed.
Morrison reported on an experiment that compared
profitability of raising beef heifers versus steers,

with

heifers being fattened for a shorter time period (77).
The heifers were fed for 165 days while steers were fed
for 239 days.

The heifers also had a lower purchase cost

(66 cents per 100 lbs) than the steers.

Heifers gained an

average of 2.23 lbs/day while the steers averaged 2.27
lbs/day (77).

The selling price for the heifers, however,

was $1.36 less per hundredweight than steers

(77).

The

steers were more profitable than heifers regardless of the
longer feeding period required to reach marketing weight

15
and the higher initial purchase price.

The total monetary

difference between heifer and steer calves was about $50
at sale time according to the price difference reported by
the Chicago Mercantile Exchange
Rouge, Louisiana, August,

(Morning Advocate, Baton

1995).

Sperm Separation Techniques
Ericsson et a l . (36) used a bovine serum albumin
(BSA) column to increase the ratio of Y bearing cells in
human semen.

They reported that layering semen over a

column of varying BSA concentrations enabled them to sepa
rate fractions with 85% Y spermatozoa

(40).

The separa

tion was based on progressive sperm motility through the
BSA concentration gradient, with the assumption that Y
sperm moved more quickly than X sperm

(40).

The technique was validated by fluorochrome quinacrine stain of the fluorescence-body, or F-body.

The F-

body is a structure on the distal end of the long arm of
the human Y-chromosome

(74).

Beernink et a l . (13) reported on live births using
BSA column separated semen.

Out of 1034 births from 65

fertility clinics, 72% were male and 28% female.

Quinliv-

an et a l . (92) tested the BSA separation technique and
reported a 52% to 74% enrichment of Y-chromosome bearing
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spermatozoal fraction.

They also used the F-body stain to

validate the separations.
There has been some controversy as to the validity of
the F-body test

(75).

There have been several reports of

discrepancies in this test in that there are autosomal
areas that imitate the area on the Y chromosome that fluo
resces with quinacrine orange staining

(18, 121).

Cells

that do not take up the stain can not automatically be
classified as X chromosome bearing,

as the stain is not

able to enter the nucleus of all cells
Yanagimachi

(121).

Ueda and

(115) found discrepancies between the F-body

test and sperm karyotype results in some sperm donors.
They concluded that not all Y bearing sperm cells showed
the F-body.
Brandriff et a l . (17) used sperm karyotypes to va l i 
date the BSA separation technique.

They used the sperm

hamster egg test to karyotype spermatozoa,

and found that

ratios of X and Y sperm in BSA separated samples did not
differ from unseparated control samples.

They karyotyped

290 BSA separated spermatozoa and found 57.2% X and 42.8%
Y bearing cells

(17).

The 201 control cell karyotypes had

50.2% X and 49.8% Y (17).

Wang et al.

(121) assessed the

BSA column using X and Y fluorescent labelling.

They

found no enrichment of Y spermatozoa in their samples.
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In a debate article on sperm separation, Martin
discussed Ericsson's BSA separation technique.

(75)

She noted

that his results had never been successfully achieved in
any other laboratory,

and that the BSA column results had

not been validated by any other method than the F-body
test.
Another sperm separation technique is the Sephadex
column.

Steeno et a l . (107) fractionated semen by a gel

column consisting of Sephadex G50 powder in Locke's so l u 
tion poured into a glass column.

The fractions of semen

collected from the column had 4.7% Y sperm and by infer
ence 95.3% X-sperm (107).

They assumed that Y bearing

cells stuck to the sephadex gel, while X-sperm went
straight through

(107).

Quinlivan et al.

(92) used the sephadex column to

separate semen and found that the percentage of X-sperm
increased from 60% to 74%.

Corson et al.

(27) applied the

sephadex column separation technique to enrich semen with
X bearing sperm celis for use in artificial insemination.
Their results showed out of 12 pregnancies,
female,

2 male and 1 set of twins

7 babies were

(male and female)

(27) .

Beckett et a l . (12) assessed the sephadex separation
technique using sperm karyotypes, DNA analysis with a Y
specific probe, and the F-body test.

They analyzed 182
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Sephadex separated cells and 226 controls and concluded
that the ratio of X to Y sperm did not differ between the
two groups

(12).

Several other methods have been developed to separate
spermatozoa.

Among these are Percoll density gradient,

centrifugation and electrophoresis.

Blottner et a l . (16)

centrifuged bovine spermatozoa on a 10 step density gradi
ent of Percoll.

The separation was assessed using fluo

rescent in situ hybridization
probe,
(16).

(FISH) with a Y specific

and by PCR sexing of in vitro fertilized embryos
The F-body test and FISH showed a significant d if

ference in sex ratios of upper

(Y-sperm)

sperm) portions of the density column.
by in vitro fertilization

and lower

Embryos produced

(IVF) were 75% male,

fraction sperm, and 90% female,

(X-

from upper

from lower fraction sperm

(16) .
van Kooij and Oost

(117) used DNA probes and the F-

body test to evaluate Percoll gradient separated human
spermatozoa.

The quinacrine stain showed that cells with

the F-body remained in the lower fraction of the column.
The upper fraction cells were 85-90% F-body-free

(117) .

When the same fractions were hybridized to a DNA probe
with loci on both sex chromosomes,

the results showed no

differences in the intensities of X and Y-bands.

The
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authors concluded that the Percoll density gradient did
not separate cells and that the F-body test was not accu
rate

(117).
Electrophoresis has also been used in an attempt to

separate spermatozoa based on differences in electropho
retic mobility

(15).

In a 1971 study, Hafs and Boyd

(49)

electrophoresed bovine and rabbit spermatozoa to determine
if X and Y-bearing cells migrated differently.

They p e r 

formed their study after a 1961 report by Bangham (9)
where the authors claimed that two groups of spermatozoa
were formed after electrophoresis through a low ionic
strength buffer,

"tail anode" and "head anode" sperm.

The

head anode cells had a higher negative charge on the head
than the tail while the tail anode sperm had the opposite
(9) .

The differences in charge resulted in the cells

migrating towards the anode either head or tail first.
Hafs and Boyd

(4 9) performed electrophoresis on

rabbit and bull semen.

Almost 1500 rabbits were produced

using the semen, but the sex ratios did not differ from
the expected.

Over 300 cows were bred, and 60 calves

produced with no deviation from the expected 50:50
Blottner et al.

(49).

(15) electrophoresed bovine spermato

zoa and found that they could enrich X and Y fractions.
The Y-enriched cells were in the cathodic fraction

(112
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and 144% over control)
anodic fraction

and the X-enriched cells in the

(80 and 68% compared to control)

(15).

They concluded that electrophoresis separated spermatozoa
into two groups with different zeta potentials. The groups
had significantly different ratios of X and Y-bearing
cells compared to controls
Ishijima et al.

(15).

(56) also studied the zeta potential

of X and Y-bearing spermatozoa.

They described the zeta

potential as the result of an uneven distribution of ions
and thus electrical charge, surrounding an object in a
medium.

They reported that X bearing cells had an average

zeta potential of -20 mV and Y cells averaged -15 mV

(56).

The most successful sperm separation technique r e 
ported to date is flow sorting which uses flow cytometry
and cell sorting to separate X and Y-bearing cells based
on their difference in DNA content

(44).

The Y-chromosome

bearing spermatozoa of swine, sheep and cattle have 3 to
4% less total DNA than the X-bearing cells
and Mumme

(62).

Tiersch

(114) estimated chromatin weight in Florida

Scrub Jays by flow cytometry.

They found that males had

significantly larger DNA weights than females

(3.159 pg

DNA versus 3.095 pg of DNA)

females are

the heterogametic sex.
(119) .

(114).

In birds,

In mammals females are homogametic
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The basis for flow sorting cells is the difference in
fluorescent emission of stained cells that pass through
the flow sorter.

Cells are stained with a fluorescent dye

such as acridine orange, propidium iodide or Hoechst
(33342 and 33258)

(39, 59, 85).

The cells are forced by

positive air pressure into a single-file stream which is
intersected by a laser beam that excites the dye

(39).

Photomultiplier tubes detect the fluorescent signals

(8) .

The fluorescence is measured by a mulitchannel analyzer
(39) that converts the emission into digital signals that
can be quantified

(8).

Johnson et al.

(60) described a modification to flow

sorters that enabled them to sort spermatozoa into 80-85%
pure Y bearing samples.

They found that the emission of

light from spermatozoa which were not properly oriented to
the laser beam gave inaccurate results

(62).

Spermatozoa

from domestic mammals are basically paddle shaped

(60) .

The flow sorter has to measure the fluorescent emission
from the flat surface of the sperm heads in order to accu
rately detect differences between cells

(60),

Spermatozoa

that approach the laser beam sideways can not be differen
tiated accurately,
differently

(59).

since the edge of the cell emits light

The cell orientation problem was overcome by the
addition of another fluorescent detector set at 0°
wards) with respect to the laser beam

(62).

(for

The original

detector was located at a 90° angle to the beam (62).
With the additional detector,

it is possible to select

only those sperm that present a flat side to the 90° d e 
tector to be included in the sort, as they are the only
ones seen by the 0° detector

(59) .

Johnson et al.

(62)

also reported that modification of the sample injection
needle from a conical to a bevelled tip aided in

co r 

rectly orienting the sperm cells.
Johnson et a l . (61) stored the fluorescence signals
from the spermatozoa in 256-channel histograms.

After

collecting thousands of fluorescent signals,

two distinct

peaks in the histograms were observed

The differ

(61).

ence in intensities of the peaks resulted from the differ
ence in DNA content of X- and Y-bearing spermatozoa

(62).

The locations of the two peaks were narrowed into windows
of 10 channel widths

(59).

Cells going through the flow

sorter were measured and deflected into two tubes depend
ing upon which windows the fluorescent signal fell
Johnson et al.

(62).

(61) flow sorted rabbit spermatozoa

and achieved an 86% pure X-sperm sample and an 81% pure Y
sample.

They inseminated does with the sorted sperm
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resulting in 86% female and 81% male offspring
another study, Johnson

(61) .

In

(59) examined sex ratios of piglets

born to sows inseminated with sorted sperm.

He reported

74% female piglets from X sperm and 68% males from the Y
sperm

(59).

Johnson et a l . (62), also sorted semen fi-om

Chinchilla and achieved a 7.5% difference in peak intensi
ties between the 2 sperm populations.
Cran et a l . (29) reported the birth of live calves
from flow sorted spermatozoa.
bryos to 9 heifers.

They transferred IVF e m 

Three male and 3 female calves were

born from Y- and X-sorted spermatozoa

(29).

They also

validated the sorting technique by karyotyping embryos
with a Y-specific probe,
by PCR

(29).

and amplification of embryo DNA

Their results showed that X-sperm pop u l a 

tions were 79% pure, and Y populations 70% pure

(29).

The flow sorting technique has proven to be the most
successful in changing the naturally occurring sex ratio
of offspring.

There are, however,

limitations to the

utility of this technique in that it is slow.

Flow cyto-

meters are only capable of sorting 400,000 to 500,000
sperm cells per hour (60).

Artificial insemination in

cattle requires about 10 to 15 million motile spermatozoa
per breeding unit

(98).

Thus far flow sorting of
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spermatozoa is best applied to IVF and embryo transfer
breedings.
Polymerase Chain Reaction
Sperm separation techniques have worked with varying
degrees of success.

The most effective method,

flow sort

ing, enriches the X- and Y-chromosome bearing sperm p o p u 
lations by about 20-30%.

Several verification methods

have been used to assess the accuracy of the separation
techniques: F-body test, Y specific DNA probes,
karyotypes and IVF.

embryo

The advent of the polymerase chain

reaction has given researchers a new and highly accurate
diagnostic tool that can also be applied to the evaluation
of sperm separation methods.
The polymerase chain reaction was developed by Dr.
Kerry Mullis at Cetus Corporation in California

(100) .

It

is described as the in vitro amplification of a specific
DNA sequence 10G-fold (99) .
The PCR technology has many applications including
identification of disease causing agents and genetic d e 
fects,

cancer detection, DNA sequencing,

expression and forensic analyses

cloning,

(37, 38).

gene

The technology

is powerful in that it provides a quick and accurate met h 
od to amplify DNA.

It can amplify DNA with as little

starting DNA as from one cell

(1).
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PCR Components.

The main requirements for PCR are

template DNA, primers, deoxynucleotide triphosphates
(dNTP's) and polymerase.

The target or template DNA co n 

tains the gene or DNA sequence to be amplified.

The DNA

from tissue cells and body fluids such as blood, urine,
saliva, and semen can be used,

as well as DNA isolated

from fossils, preserved for thousands of years

(43).

The quantity and quality of the DNA does not need to
be high: crude lysates of DNA

(boiled cells) can be used

successfully in PCR amplifications

(55).

White et a l .

(127) described that PCR was possible with "small, d e 
graded, damaged and unpurified DNA."
can be obtained from clotted blood
tissue,

Genomic DNA for PCR

(65) formalin fixed

(25, 93) paraffin embedded tissue

stained cytological smears

(93, 129), and

(41).

The primers are two specific oligonucleotide se 
quences that flank the DNA sequence of interest

(37) .

The

primers define the boundary of the target sequence and are
complementary to the 5' ends of the two DNA sequences
(127).

The optimal size is 20 to 30 bases in length,

to

assure accurate base pairing with the target DNA, and have
a 50% guanine and cytosine

(G and C) content

(100).

Co m 

puter programs exist that will choose primers optimal to
the DNA sequence of interest.
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The dNTP's used to replicate DNA are deoxyadenosine,
deoxyguanine, deoxycytosine and deoxythymine triphos
phates.

They provide the nucleosides and energy needed to

amplify DNA

(112).

The triphosphate portion of the nucle

otide has two phosphoanhydride bonds that release free
energy when the pyrophosphate is hydrolyzed
prokaryotic replication,

(109).

In

the dNTP's presumably come from a

group of free nucleotides within the cell

(47).

the dNTP's are used in equimolar amounts,

20-200 /xM each

to optimize fidelity in base pairing

For PCR

(55).

The PCR is carried out in a thermal cycler that in 
creases and decreases the temperature for the three steps
of a PCR cycle: denaturation,

annealing and extension.

During the first step, denaturation,
high temperature

(«95°C)

a short

(15 sec)

incubation separates the double

stranded DNA into single strands

(43).

The next step is

annealing in which the primers base pair to their comple
mentary sequences on the target DNA.

The annealing tem

perature is usually around 55°C (range 37-65°C)

(38),

depending upon the length and base composition of the
primers

(55).

extension.

The third step of the PCR cycle is

The extension temperature is commonly «72°C,

and allows for the incorporation of dNTP's to their
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complementary bases on the target DNA by polymerase

(55)

thus replicating the DNA sequence.
After extension

(about 1 min/kilobase of target DNA)

the next cycle begins with denaturation of the newly
formed double stranded DNA.

The amount of DNA doubles

with each cycle of PCR, making the product increase iri
amount exponentially

(100) .

Running 2,5-35 cycles of PCR

will amplify one copy of the target DNA producing lOOng to
Ifxg of product

(110) .

The use of an automated thermal cycler to amplify DNA
subjects the reaction components to a wide range of te m 
peratures.

High temperatures such as those used in the

denaturation step, will denature not only DNA, but also
most enzymes,
tion.

such as polymerases,

required in replica

A major advance in PCR technology was made with the

discovery of a thermostable polymerase from the bacterium
Thermus aquaticus (Tag)

(100).

Previously,

the polymerase

would have to be re-added in each cycle after the denatur
ing step, but Tag polymerase remains stable at high t e m 
peratures and need only to be added once
Electrophoresis.

(100).

Evaluation of PCR products is

achieved by gel electrophoresis and ethidium bromide stai
ning.

The DNA sequences are separated for identification

or isolation by polyacrylamide or agarose gel
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electrophoresis

(101).

smaller DNA segments
gels:

(-200-50,000 bp

Polyacrylamide gels separate

(5-500 base pairs
(101)).

(bp)), than agarose

Agarose gels have a wider

range of resolution and are easier and safer to work with
than polyacrylamide gels

(101).

Agarose gels are used

more often for PCR product separation than polyacrylamide
gels

(53, 101).
Agarose is a polysaccharide derived from seaweed

101) .

(53,

It is a linear polymer that forms a poi-ous matrix

when melted in buffer and used in electrophoresis gels
(101).

The size of the holes in the matrix, or density of

the gel, is determined by the percentage of agarose in the
gel.

The higher the percentage of agarose,

the pores

(101).

the smaller

The percentage of agarose used for PCR

gels ranges from 0.4 to 4% (101).
The distance of migration of DNA fragments through a
gel per unit of time is determined by the molecular weight
of the fragments.

Smaller fragments travel farther

through the gel in a given time since they are less
inhibited by the matrix.

Larger fragments can not pass

through the matrix as easily and their migration is
slower.
Staining the DNA with ethidium bromide
visualization.

(EtBr) allows

Ethidium bromide is a fluorescent dye that
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intercalates stacked base pairs of DNA and is detectable
with ultra violet light

(94, 101).

Ribiero et a l . (94)

used EtBr-stained-agarose gels to quantitate DNA by m e a 
suring the amount of fluorescence emitted by the dye.
The relative sizes of DNA fragments are determined by
the incorporation of standard molecular weight markers
(101).

The markers contain DNA fragments of specific

molecular weights that form a "ladder" on the stained gel.
Visual comparison of PCR amplified fragments to these
standards allows for approximate size estimates.
PCR Applications.

There are many applications for

the PCR method in embryo and spermatozoa research.

Avery

et a l . (6) studied the development of sex in bovine IVF
embryos by utilizing PCR with Y-chromosome specific pri m 
ers and bovine satellite primers.

Blastocyst DNA was

used, and Y primers amplified DNA from male embryos
bp product)

while the satellite primers

DNA from female embryos

(6).

(264 bp)

(469-

amplified

They found that male embryos

developed faster than female embryos.
In a similar study, Valdivia et a l . (116) used zfx
and zfy (zinc finger X and Y) gene primers to examine
rates of development of male versus female murine embryos.
They concluded that in vitro, male embryos grew faster
than female embryos.

30
Schellander et al.

(103) used zfx and zfy primers to

identify sex chromosome chimerism in peripheral blood
leukocytes of freemartin heifers.
martin heifers'

They found that free-

leukocyte populations contained cells with

the XX and XY gonosome configurations.
Schroder et a l . (104) determined the sex of 6 to 7
day-old bovine embryos with PCR and 2 pairs of Y-specific
primers,

and found that PCR was a rapid,

of sexing preimplantation embryos.

efficient method

The results were vali

dated by karyotyping of embryos and by in situ hybridiza
tion with a different Y probe.
Mulder et al.
region gene)

(78) amplified the sry (sex determining

in male mouse blastomeres.

Six embryos with

the sry gene were transferred to recipients and all 6 pups
were m a l e .
Cortopassi and Arnheim

(28) used PCR to study molecu

lar characteristics of mutant genes and looked at recombi
nation rates of single spermatozoa.

Single spermatozoa

were drawn into pipettes under phase microscopy and placed
in PCR tubes for incubation in lysis solution.

A PCR

solution containing the components required for amplifica
tion was added and 50 thermal cycles were run

(28) .

The

PCR allowed the study of genetic variations in single
sperm cells, and due to the high resolution of the method,
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the researchers were able to construct genetic maps of DNA
polymorphisms of single cells
Lobel et al.

(28) .

(74) used PCR to evaluate sex ratios of

human sperm cells separated by swim up
column)

and sephadex gel filtration.

(human tubal fluid
Primers,

zfx and zfy

for homologous zinc finger regions, were radio labeled
32

with

P.

Autoradiography and densitometry were used to

quantitate signals from X and Y sequences.

The research

ers found no change in the sex ratio between manipulated
and control sperm samples

(74).

Lien et a l . (73) performed linkage analysis of casein
loci in sperm cells using PCR.

Sperm cells were isolated

in agarose gels and PCR was performed on single cells to
screen recombinants.

A two step PCR was used.

In the

first step, primers bordered on polymorphic locations of
the casein loci.

In the second step, the PCR product was

amplified with primers for restriction sites specific for
the alleles

(73).

The two step PCR was needed to analyze

three casein loci at the same time.

No recombinants were

seen, so a strong linkage was assumed among the 2 loci.
Li et al.

(71, 72) amplified DNA from single human

spermatozoa to analyze two loci simultaneously to study
recombination rates.

They were able to tell the alleles

apart despite their close proximity by using allele
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primers of different lengths.

The primers produced PCR

products of dissimilar lengths that were identifiable by
gel electrophoresis

(71).

The sry gene from the sperm whale was sequenced and
used to construct a sexing protocol in the whale
Richard et al.

(95) constructed primers

(95).

specific enough

for the whale that despite 85% gene homology with humans
sry,

the primers did not amplify human DNA.

Image Analysis
Image analysis or image processing is the "...alter
ation and analysis of pictorial information"

(11) .

Wells

et a l . (126) reviewed uses of image analysis in medical
sciences.

Some applications included basic morphometry,

immunohistochemistry,

DNA analysis,

cellular fluorescence

(126).

autoradiography and

Image processing can be achieved optically such as
photograph developing,

analogically by electronic means

such as television picture adjustments,
(126).

or digitally

Digital processing is done by computer and allows

for contrast, quality and spatial enhancements of images.
The basic image analysis system consists of a microscope,
video camera, computer and display monitor
Walter and Burns

(125) .

(120) described digital image

processing as the method by which an image was converted
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into a form which could be stored in computer memory.
Digitally, an image is made of discrete picture elements
or pixels that have different brightness levels or inten
sities

(58).

Intensities can be arranged in a 256 bar

histogram, where each bar represents 256 shades of grey
from black to white

(0 to 255)

intensity oi* contrast,
gram

(11, 31, 58).

Changes in

can be seen in an intensity histo

(31) .
Ribiero et a l . (94) used image analysis to quantitate

fluorescence from ethidium bromide stained electrophoresis
gels.

They measured fluorescence from gel photographs by

high resolution densitometry and were able to relate the
amount of DNA on gels to the intensity of gel bands

(94).

Sutherland et a l . (110) also quantitated DNA from
EtBr stained gels, but they measured fluorescence directly
from the gel, not from a photograph.

They stated that

since the optical density of a photograph was not a linear
function of the light used for its exposure, measuring
intensities from a photograph was not accurate

(110) .

An

image analysis system was assembled with a charge-coupleddevice

(CCD) camera for capturing video images of gels.

The CCD camera responded to incoming light linearly,
making more valid measures

(34, 110).

thus
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Dewey et a l . (32) incorporated the CCD camera tech
nology with image analysis to compare DNA quantification
methods.

The amount of DNA estimated by image analysis of

EtBr stained gels was compared to results in which the
same DNA had been radiolabelled for quantitation.

No

differences in results were seen between the two quantifi
cation methods.
Image analysis has been used to quantitate DNA from
EtBr stained DNA directly from the gel, or from a photo
graph of that gel.

Chehadeh et a l . (24) compared the two

methods using a video camera for imaging and did not find
a difference between the results.
Charge-coupled-device cameras have been used to mea
sure and quantitate fluorescence and chemiluminescence
from a variety of sources.

Nakayama et a l . (79) were able

to quantitate mRNA from EtBr stained PCR gels.
al.

(66) used a CCD imaging sensor or camera,

Karger et
to evaluate

DNA sequencing with alkaline phosphatase based chemilumi
nescence.
Sperm and Chromosome Area Measurements
Chandler et a l . (21) used video enhanced contrast
microscopy

(VECM), a type of image analysis,

to relate the

differences in areas of bovine spermatozoa and leukocyte
chromosomes to gonosome difference.

They discovered two
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distinct populations of spermatozoa with a 3.2% difference
in area, representing the difference in area of the gono
somes

(21).

The same laboratory also discovered that

abnormalities in bovine spermatozoal heads were distin
guishable by area measurements
Steinholt et al.

(20).

(108) studied chromosome and sperm

areas of Holstein bulls with and without bovine leukocyte
adhesion deficiency

(BLAD).

Using VECM,

they discovered a

significant difference in sizes of spermatozoa and
leukocyte chromosomes of BLAD and non BLAD bulls, and were
able to use the data to predict BLAD carriers.
Eldridge

(35) discussed Y chromosome polymorphisms

and size differences between bull breeds.
cattle, Brahman for example,

Bos indicus

have acrocentric Y chromo

somes similar to their small autosomes, while Bos taurus
have submetacentric Y chromosomes.

The length of the Y

chromosome was found to be longer in some Bos taurus
breeds: Ayrshire, Charolais,

and Montbeliard

(35).

Jersey

bulls were found to have smaller Y chromosomes than other
breeds.

Eldridge also reported that variation in the

length of the Y chromosome had been found in humans and
other mammals.
Cui and Matthews

(30) used SRY Y chromosome specific

primers to determine the sex of human spermatozoa.

Over
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two hundred spermatozoa were photographed and their dim e n 
sions measured.

Performing PCR on individual cells showed

a 48.8:51.2 X:Y ratio. The researchers found that the X
bearing spermatozoa had significantly larger heads and
longer necks and tails than Y-bearing cells.

CHAPTER 3.

MATERIALS AND METHODS

Experiment 1: Sperm Decondensation
Cryopreserved spermatozoa from 10 bulls,

2 each of 5

breeds were used to determine optimum SDS-DTT decondensa
tion treatments.

Bulls from both dairy and beef breeds

were chosen: Holstein, Jersey, Guernsey, Angus and B r a h 
man .
Sodium dodecyl sulfate
Louis, MO)
OH)

(Sigma Chemical Co., St.

(104 mM) and 50 mM DTT

(Amresco Inc., Solon,

(86) were used as the midpoint decondensation treat

ment for a two dimensional central composite rotatable
design and was repeated 5 times.

The other 8 treatment

combinations were chosen according to Cochran and Cox
(26).

The thirteen decondensation treatments used are

illustrated in Figure 1 (the midpoint treatment is repea
ted 5 times).
Frozen semen straws from all bulls were thawed in a
37°C water bath for 20 s (19), then emptied into 1.5 ml
microcentrifuge tubes.

The extender was removed from

samples by washing the cells in 2.9% sodium citrate by
centrifugation at 15,850 X g for 10 s (108). The aspirated
supernatant was replaced by 0.5 ml buffer composed of
100 m M glycine titrated to pH 8 with 1 N NaOH
buffer).
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(glycine
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Figure 1.
Decondensation treatment combinations of sodium
dodecyl sulfate (SDS) and dithiothreitol (DTT) as chosen
by a central composite design. *Midpoint decondensation
treatment (104 m M SDS and 50 m M D T T ) .

SDS (mM)
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A 100 til aliquot was
nation.

taken for concentration

Concentration of cells was determined by

determi
hemacy

tometer to insure that an approximately equal number of
cells

(1 million) was used at each treatment level.

Sam

ple tubes were placed in boiling water for 3 min to facil
itate plasma membrane disruption by SDS detergent.
SDS and

The

DTT were added to the sample tubes and incubated

at room temperature for 3 0 min

(108) .

Evaluation of decondensation was made by measuring
head areas according to Chandler et a l . (21) of 100 sper
matozoa from each bull after decondensation treatments.
The cell head areas were measured by image analysis using
an inverted Nikon TMS™ research microscope
vanced Instruments Inc., New Orleans,
Modulation Contrast™ optics
envale, N Y ) .

(Nikon, A d 

LA) with Hoffman

(Modulation Optics Inc., Gre-

A video camera was attached to the phototube

and interfaced to an expanded memory Step 386 computer
(Everex System,
video board

Inc., Fremont,

(AT&T,

CA) using a Targa™ M-8

Indianapolis,

IN).

The video system consisted of a camera

(Ikegami™,

Advanced Instruments Inc., New Orleans, LA) with a 2.54 cm
vidicon tube with >850 lines of resolution and a Sony
Trinitron™ flat screen monitor

(Meyer Instruments, H o u s 

ton, TX) with a resolution of 512 x 400 pixels and 256
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grey intensity shade capability per pixel.

The image

analysis system produced a total magnification of 1380X on
the face of the monitor which yielded 28 pixels in 1 /x2.
Experiment 2: Sperm Decondensation
Cryopreserved spermatozoa from 13 bulls
same as in Experiment 1) of 6 breeds

(10 were the

(2 each of 5 breeds,

3 of 1 breed) were used to determine decondensation r e 
sponse of cells exposed to Triton X-100 and DTT.

Both

dairy and beef bulls were chosen; Holstein, Jersey, Guern
sey, Angus, Brahman, and Simmental.
Ten percent Triton X-100
Rochester, NY) and 0.5 M DTT

(Eastman Kodak Company,
(57) mixture were used to

attempt decondensation of bovine spermatozoa.

Samples of

sperm cells from each bull were prepared as in Experiment
1, except incubation time with decondensation chemicals
was increased to 60 min.
Spermatozoal head areas were measured with the image
analysis system before and after decondensation treat
ment.

After decondensation treatment,

spermatozoa were

exposed to 10 /xg/ml heparin (Sigma Chemical Co.)
37°C.

(84) at

The percent decondensed or "bloomed" cells was

enumerated using a differential counter.

Decondensed

sperm cells had a recognizable tail, but no plasma
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membranes,

and the nucleus or head of the cell was a large

amorphous m a s s .
Experiment 3: Evaluation of Y Chromosome Specific Sequence
pBS BOV #5-7 Sequence.

A bovine Y chromosome s p e 

cific sequence, pBS BOV #5-7

(William B. Hansel,

1993,

personal communication) was amplified by PCR. Bovine blood
and sperm cell DNA was used as target DNA for the 1531-bp
sequence.
The sequence was analyzed by the primer generation
portion of PC/Gene®
computer program.

(Intelligenetics, Mountainview,

CA)

The program designed primers for the

sequence by free energy comparisons, and assessment of
size, melting temperature, GC content and self annealing.
The program generated 31 possible plus strand and 36 p o s 
sible minus strand primers.

A primer pair

(BULL Y1 and

BULL Y 2 ) was chosen with the highest melting temperature
that generated the longest DNA segment:

63°C and 960-bp.

The annealing temperature for the primer pair was 57°C.
The BULL Y1 and BULL Y2 primers wei-e both 25 bp long.
Their sequences were 5'CTGACCACTTGACCTGCCTCCTGAG and
5' CTGGATCTTGTCCAACTCTGCGACC.

They were synthesized by

GeneLab

(Department of Veterinary Microbiology and Parasi

tology,

School of Veterinary Medicine, Louisiana State

University,

Baton Rouge, L A ) .
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DNA Decondensation.

Bovine spermatozoa were s u b 

jected to various treatments to lyse cells and release or
decondense DNA for PCR.

The Triton X-100, DTT treatment

from Experiment 2 was used first, with and without heparin
exposure.

Approximately one million spermatozoa

(±100,000) were treated for PCR.
PCR Components.

The DNA from pBluescript II SK pla s 

mid (Invitrogen Corporation, San Diego, CA) was incorpo
rated as a positive control for the PCR reaction.

The

primers for pBluescript were 5'GTAAAACGACGGCCAGT and
5'AACAGCTATGACCATG and generated a 750-bp fragment.

The

PCR cycle parameters were denaturation at 94°C for 45 s,
annealing at 50°C for 50 s and extension at 72°C for 30 s.
Thirty five cycles of PCR were run.
The second treatment used Genereleaser™

(BioVentures,

Inc., Murfreesboro, TN) with whole sperm cells to isolate
DNA for PCR.

One ixl spermatozoa

(12.5 x 106 cells/ml)

was

added to 19 ixl Genereleaser,M in a 1.5 ml microcentrifuge
tube.

The tube was closed with a plastic cap lock and

placed in a 110°C heating block for 15 min.

The DNA from

pBluescript was incorporated as a positive control for the
PCR reaction.
A microwave treatment was used in the third deconden
sation trial.

A lysis solution was made according to
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Goodwin and Lee
EDTA,

(45) .

It contained 50 mM tris-HC.1, 50 mM

3% SDS and 1% 2 -mercaptoethanol.

One microliter of

spermatozoa was added to 30 /xl lysis solution in a 1.5-ml
microcentrifuge tube.

The tubes were left uncapped and

heated in a microwave on high power
watts)

for 1.5 min.

(approximately 9

The sperm DNA was used with BULL Yl

and BULL Y primers in PCR.
The fourth cell lysis technique was adapted from Lien
et a l . (73).

The lysis solution consisted of 200 m M KOH

and 50 mM DTT.

The neutralization buffer was made from

900 mM Tris-HCl, 300 mM KCl, and 200 mM H C 1 .

One half

million spermatozoa in 100 mM glycine buffer

(10-20 /xl)

were combined with 0.5 ml lysis solution and incubated at
65°C for 25 min.

After incubation,

0.5 ml of neutraliza

tion buffer was added to the sperm-1‘ysis solution mixture.
The isolated DNA was used for PCR with Y specific primers.
The fourth lysis technique was also used for bovine
white blood cells.

Bovine blood was sampled from the

middle coccygeal vein into 10 ml vacutainer tubes with no
additives.

Ten milliliters of whole blood was immediately

removed from the vacutainer and added to 40 ml 0.075 M KCl
in a 50 ml centrifuge tube

(97) to lyse red blood cells.

The blood was subjected to hypotonic treatment for 10 min,
then centrifuged at 600 x g for 8 min

(97).

The
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supernatant was drawn off the white blood cells

(WBC), and

the pellet was resuspended in 500 fil of 100 mM glycine
buffer.
Hemacytometer counts were used to determine the co n 
centration of WBC per ml.

Approximately one million WBC

(in 20-40 fil 100 mM glycine buffer) were lysed with 0.5 ml
lysis buffer
tion buffer.

(73) and neutralized with 0.5 ml neutraliza
The solution was then treated with equal

volume of phenol-chloroform-isoamyl alcohol
centrifuged at 15,580 x g for 2 min
was aspirated and 0.7 ml

(3).

(25:24:1)

and

The supernatant

(v/v) of isopropanol was added to

precipitate DNA during 10 min centrifugation at 15,580 x g
(51).

The isopropanol was aspirated,

and the DNA pellet

was allowed to dry before resuspension in 500 /zl distilled
deionized water.

The DNA was quantified by measuring

absorbance at 260 nm using an SP6-550 UV/VIS spectropho
tometer

(Pye Unicam Ltd, Cambridge, England)

against a DNA

standard curve of calf thymus DNA (Sigma Chemical Company)
in distilled deionized water

(23).

Experiment 4: Evaluation of Additional Y Specific Sequence
A second Y chromosome specific DNA sequence, BRY1
(International Patent Classification: C12Q 1/68, C12N
15/00) was amplified by PCR.

The sequence was analyzed by

PC/Gene® for primer generation.

A primer pair was chosen

46
that had a high annealing temperature,
a long DNA segment,

194 bp.

56°C, and produced

The plus strand primer

(BRYla) had the following sequence:
5'CCAATACACAGAGGTCATGGTGGG, and the minus primer

(BRYlb):

5'GAAGACTATGCAGGTAGCAGGTGC.
Polymerase Chain Reaction.

The PCR was carried out

in 50-fxl reaction volumes in 0.5-ml sterile microcentri
fuge tubes.

Thirty nanograms of lysed sperm or WBC DNA in

deionized distilled water was used which equalled approxi
mately 10,000 spermatozoa or 5000 WBC

(80).

The reaction mixture included 200 fiM each GeneAmp™
dATP, dCTP, dGTP and dTTP
walk, CT)

(Perkin Elmer Corporation,

(64), 2.5 Units Tag Polymerase

Nor

(Perkin Elmer

Corporation), and 0.5 fxM of each primer BRYla and BRYlb
(100).

Ten microliters 2X buffer

(Perkin Elmer Corpora

tion) was added and the volume was brought to 50 n1 with
distilled deionized water, and the reaction mixture was
overlaid with 50 /il sterile mineral oil.
The PCR was performed in a DNA Thermal Cycler
Elmer Corporation).

(Perkin

A time delay file of 98°C for 5 min

was included before addition of polymerase to ensure denaturation of genomic DNA before the thermal cycling began
(112).

The Thermal Cycler parameters were 95°C denatur-

ation for 30 s, 56°C annealing for 45 s, and 72°C
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extension for 45 s for thirty five cycles.

The WBC DNA

from 6 cows and 1 bull was amplified in duplicate PCR
tubes in 1 PCR run with the BRY primers to determine if
the sequence was specific for the Y chromosome.
Electrophoresis.

After amplification,

the PCR sa m 

ples were electrophoresed on 4% agarose gels in IX Tr.isacetate EDTA

(TAE) chamber buffer

(101) .

The submarine

agarose gel unit "Minnie the Gelcicle," (Hoefer Scientific
Instruments,

San Francisco, CA) and Biomax horizontal gel

electrophoresis unit

(Scientific Imaging Systems,

Eastman

Kodak Company, New Haven, CT) were plugged into a Bio-Rad
Model 200/2.0 power supply (Bio-Rad Laboratories,

Hercu

les, CA) .
The 8 well gel combs were custom made of Plexi glass
with the following tooth dimensions: 7 mm in length,
mm in width, and 3.1 mm in height.

4.2

The gap between the

teeth was 3.1 mm wide for off lane measures.

The comb was

designed to allow for an 8 pixel wide vertical average
estimate in image analysis, described later.
The gels were composed of 4% Agarose I (Amresco Inc.)
dissolved in IX TAE buffer.

Agarose powder and 50 ml b u f 

fer were placed in a 250-ml Erlenmeyer flask with a 50-ml
Erlenmeyer flask inverted as its stopper.

The solution

was boiled in a microwave until all agarose was dissolved.

48
One microliter 10 mg/ml EtBr

(Amresco Inc.) was added to

the molten gel, and the mixture was allowed to cool for
10 min.

The gels were

poured

into gelrunning trays with

combs and allowed to congeal.
Five microliters Gel-loading Buffer III
15 fil PCR product were

loaded into the

lecular weight marker,

0X174 HAE III

gel wells.

Tris-EDTA
each gel.

(TE)

A mo

(Sigma Chemical Co.)

was used to determine DNA fragment size.
liter marker,

(101) and

One half micro

5 /il Gel-loading Buffer III and 14.5 fi1
(101) buffer were loaded into one well on

The gels were electrophoresed for 1.5 h at 70

volts.
Gel Visualization.
Vision trans-illuminator

A U W I S 20 Mighty Bright Double
(Hoefer Scientific Instruments)

was used to view EtBr stained DNA fragments.

The UV light

source wavelength was 300 nm.
Gel photography was done both with a 35 mm camera and
by image analysis.

A PhotoMan™ Direct Copy Hood

Scientific Instruments)

(Hoefer

adapted for a 35 mm camera p r o 

tected the camera lens from ambient light allowing only UV
transmitted light to expose the film.
fitted with a macrolens

was

(Yashica INC., Somerset, NJ) and a

yellow Promaster® Spectrum 7 filter
Organization,

The camera

Inc., Fairfield, C T ) .

(Photographic Research
Photographs were

taken using Technical Pan film (Eastman Kodak Company).
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Images were also taken by the image analysis system.
A Pentax macrolens

(Pentax Corporation,

Tokyo, Japan) was

attached to a silicone intensifier target
camera

(Hamamatsu, Advanced Instruments Inc.) by a C mount

adaptor
with

(SIT) video

(Pentax Corporation).

The macrolens was fitted

B+W yellow and Tiffen 2a haze filters

facturing Corporation, New York, N Y ) .

(Tiffen Man u 

Images were cap

tured in the JAVA® image analysis software system (Jandel
Scientific Corporation,

Corte Madera,

CA).

Experiment 5: Quantification of Proportion Y-Chromosome
Bearing Cells Across Ejaculates
Preliminary to the experiment,
were run.

two check experiments

The first was to insure that the thermal cycler

parameters were conducive to the amplification of cow
leukocyte DNA,

the negative control.

The PCR was p e r 

formed with cow DNA and the BULL Y1 and BULL Y2 primers
from experiment 3.

The PCR was also performed with BRYla

and BRYlb on bull DNA, and both sets of primers were in 
corporated into the same PCR tubes with cow DNA.
The second trial was designed to verify if the start
ing amount of DNA (30 ng) for PCR was appropriate;

15, 30,

60, 90, 120 and 150 ng of bovine spermatozoal DNA were
amplified for 35 PCR cycles.

Two 15 /xl DNA samples were

taken from each PCR tube and electrophoresed in duplicate,
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one on Hoefer and one on Kodak gel units.

The resulting

amplified DNA band would ideally be from the log phase of
amplification.

The trial would also identify variation in

intensity measures of DNA electrophoresed on two different
electrophoresis unit types.
In the fifth experiment,

the Y-chromosome specific

primers BRYla and BRYlb were used to determine proportions
of Y-bearing spermatozoa in bovine sperm samples.

Cryo-

preserved spermatozoa from 10 Holstein bulls were used.
Two different semen lots or ejaculates from each bull were
utilized.

Five semen straws per lot were thawed and

pooled and DNA for PCR was isolated as in Experiment 4.
Five aliquots of pooled,

isolated sperm DNA per lot were

prepared for PCR in 5 separate reaction tubes.
Cow blood was prepared for PCR as previously d e 
scribed.

The cow DNA served as a negative control for the

PCR, ensuring that the buffer and reagents were not co n 
taminated by extraneous DNA.

The BRYla and BRYlb primers

were included to ensure that the primers were Y specific.
The BULL Y primers were not included because of non-com
patibility with the BRY1 primers.
A pooled DNA standard comprised of 3 0 ng/fil DNA from
each extracted lot from the bulls described above was used
to compare intensity of amplified sperm DNA from individ
ual ejaculates.

The sperm standard served as the positive

control for the PCR reaction.
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The PCR was performed under the conditions described
in Experiment 4.

The DNA from 2 lots from 2 bulls were

amplified with cow DNA and standard DNA in one PCR run of
35 cycles.

The DNA from bulls 1 and 2, 3 and 4, 5 and 6,

7 and 8, and 9 and 10, were amplified in runs 1 to 5 of
PCR.

Two 15 /zl samples from each PCR amplified DNA tube

(5 sperm samples, cow DNA, standard DNA) and molecular
weight marker were taken and electrophoresed on horizontal
gel electrophoresis units.

Two agarose gels

Kodak) were electrophoresed per lot per bull.
illustrates the experimental design.

(1 Hoefer,

1

Figure 2

The gels were p r e 

stained with EtBr, and photographed as previously d e 
scribed with camera and image analysis.
The gel images, captured by the SIT camera, were
contrast enhanced in JAVA®.

An intensity histogram of the

gel represented average intensities across the whole g e l .
The observed intensity scale was expanded to fit near full
scale

(0=black, 255=white)

to obtain maximum contrast on

all gels.
The vertical average intensity function of the image
analysis system was used to measure the intensity of DNA
amplified by PCR.

Using the digitizer tablet and mouse

(Jandel Scientific), the average intensity of an 8 pixel

Figure 2.
Experimental design flow chart of Experiment
*PCR Run 1 = bulls 1 and 2
2 = bulls 3 and 4
3 = bulls S and 6
4 = bulls 7 and 8
5 = bulls 9 and 10
2SP1 to SP5 - aliquots of 5 pooled straws of semen
COW - cow leukocyte DNA
STD - pooled spermatozoal standard DNA
M - molecular weight marker
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wide column across the entire length of the gel lane was
measured.

The off lane intensities from both sides of the

PCR product lane were used as the background to correct
intensity of PCR product lanes

(32).

This method was

applied to all 8 lanes on the electrophoresis gels.
Graphed intensity measurement data of the fluorescent
bands showed the amplified DNA as peaks. They wex*e d e 
tected using Symphony (Lotus Development Corporation,
Cambridge,

MA) , by observing an increase of at least 2

intensity units for each subsequent data p o i n t .

Return to

baseline was determined by comparison of equivalent and
adjacent data.

The presence of the Y-chromosome specific

DNA band was determined by comparing the position of the
peak to the eighth molecular weight marker band.
band was also 194 bp (Sigma Chemical Company).

This
The

resulting intensity measures were used to quantitate the
relative amount of Y chromosomal DNA in each spermatozoa
sample as compared to the amount of Y DNA in the pooled
sperm standard.
Experiment 6: Quantification of Y-Bearing Spermatozoa in
Manipulated Samples.
The DNA from bovine spermatozoa separated into two
populations by the SEPDEVXCE

(128) was amplified by PCR

using BRYla and BRYlb primers.

The SEPDEVICE was a column
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filled with glass beads of 2 sizes: large and small that
formed a sieve to trap large and small spermatozoa

(128).

The 2 sperm cell populations were putatively enriched with
X- or Y-chromosome bearing spermatozoa.
separated populations of spermatozoa
samples)

(Small and Large

and an unmanipulated control

bulls was used.

The DNA from

(Control)

from 5

Cow blood DNA was used as the negative

control, and a PCR amplified tube of pooled sperm standard
DNA was used as a positive control.

A PCR reaction tube

containing all PCR components except target DNA

("buffer"

tube) was added to insure that there was no contamination
to the PCR reaction.
Figure 3 illustrates the design of the experiment.
Two aliquots of Control, Small, Large,

standard,

leukocyte target DNA were sampled for PCR.
were cycled in one run of 35 PCR cycles.

and cow

All PCR tubes
Two 15 ptl

samples from each PCR amplified DNA tube

(3 sperm samples,

cow DNA, DNA standard and buffer sample)

and molecular

weight marker were taken and electrophoresed on horizontal
gel electrophoresis units.

Four agarose gels were

electrophoresed from each bull,
gel units.

2 in Hoefer and 2 in Kodak

The PCR product order on the gels was changed

from Control, Small, Large on the first 2 gels, to Small,
Large, Control on the second 2 to determine if

position

Figure 3.
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of PCR product on the gels caused variation in intensity
measures. Electrophoresis and image analysis measures were
made as in Experiment 5.
Statistical Analysis
.In Experiment 1, a replicated 2 dimensional central
composite rotatable design

(26) was used to create a

response curve to the treatments in order to determine the
optimal combination of decondensation chemicals.
were analyzed by PROC RSREG of SAS®

(102).

The data

The data from

Experiment 2 were arranged in a randomized complete block
design and analyzed by PROC GLM

(102) .

In Experiments 5 and 6, fluorescent intensity data
obtained form image analysis were digested by Symphony
(Lotus Development Corporation)
intensity.

to correct for background

Levels of Y-bearing spermatozoa were

determined by comparing the intensity of amplified
spermatozoal DNA to the intensity of the amplified pooled
spermatozoal DNA standard.

Intensity measures were

analyzed using PROC'GLM of SAS®

(102).

In Experiment 5,

10 outlying data points were omitted before the analyses.
The DNA fluorescent intensity from all samples were
analyzed with and without inclusion of pooled standard and
cow DNA intensities.
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The model for Experiment 5 was
Yijklm =

Mijkim + PCRi + BULLj (PCR) A + LOTk(PCRiX
BULLj) + UNITJ +LANEm + LANEiXUNITm

+

residuali;jkl
where,
Yijkim = fluorescent intensity of bovine
spermatozoal DNA PCR product from PCR
run i from lot k of bull j ,
electrophoresed on unit 1 and located
in gel lane m.
Mijkim
PCRi
BULLj (PCRi)

=overall mean,
=fixed effect of PCR run

i,

=random effect of bull j nested in PCR
run i,

LOTk (PCRiXBULLj)

= random effect of lot k nested within
PCR run i by bull j interaction,

UNITj

= fixed effect of electrophoresis unit
1,

LANEm
LANEmxUNITi

=fixed effect of lane m,
=fixed effect of lane 1 by unit m
interaction,

residualijkl = random residual.
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The model for Experiment 6 was
'ijk!

=

Mijki + TRT, + BULLi (TRTX) +
GELk (BULLiXTRTi) + UNIT.) (BULLiXTRTj ) +
residualijkl

where,
ijkl

~

fluorescent intensity of bovine
spermatozoal DNA PCR product from
gel k of unit j, of treatment 1,
from bull i,

Mijkl

overall mean,

TRTX

random effect of treatment 1:
SMALL, LARGE, or CONTROL spermato
zoal DNA samples from SEPDEVICE,

BULLi (TRT) j

random effect of bull i nested
within treatment 1,

GELk (BULLiXTRTi)

random effect of gel k nested
within the bull i by treatment 1
interaction,

UNITj (BULLiXTRTi)

=

fixed effect of unit j nested within
the bull i by treatment 1 interaction,

residualijkl =

random residual.

The model effects were tested with the appropriate
error terms as required by expected means squares
(106) .

(EMS)

The EMS for Experiment 5 wei*e,
PCR

= var(error)

+ 14*var(LOT(BULL*PCR)) +

28*var(BULL(PCR)) + Q ( P C R ) ,
BULL(PCR)

= var(error)

+ 14*var(LOT(BULL*PCR)) +

28*var(BULL(PCR)),
LOT(BULL*PCR)

= var(error) + 14*var(LOT(BULL*PCR)),

UNIT

= var(error) + Q(UNIT,

LANE

= var(error) + Q(LANE, UNIT*LANE),

UNIT*LANE

UNIT*LANE),

= var(error) + Q(UNIT*LANE).

The EMS for Experiment 6 were,
TRT

=

var(error) + 2*var(GEL(BULL*TRT))
4*var(BULL(TRT)) + 20*var(TRT)

+

+

Q(UNIT(BULL*TRT)) ,
BULL(TRT)

=

var(error) + 2*var(GEL(BULL*TRT))

+

4*var (BULL (TRT) ) + Q (UNIT (BULL*TRT).) ,
GEL(BULL*TRT)

=

var(error) + 2*var(GEL(BULL*TRT)),

UNIT(BULL*TRT)

=

var(error) + Q(UNIT(BULL*TRT).

CHAPTER 4.

RESULTS AND DISCUSSION

Experiment 1: Sperm Decondensation
The areas of sperm cell heads were measured for this
experiment because of observations by Powell et a l . (90)
and Ward and Coffey (123) that decondensed chromatin e x 
panded or melted out of the periphery of the original cell
membranes.

Since DNA stayed attached to the sperm tail,

and the chromatin expanded out of the plasma membrane
peripheries,

differences in sperm head measures

after

treatments should indicate the decondensation process.
The analysis of variance of bovine spermatozoal head
areas as affected by SDS-DTT decondensation treatment is
shown in Table 1.
significant

The lack of fit error term was not

(P > 0.05)

indicating that the data fit the

model and the experimental constraints set by the central
composite design.

There was a significant

(P < 0.05)

difference in head areas between individual bulls within a
breed.

Response to decondensation treatment differed

between the various breeds

(P < 0.05) .

The linear, quadratic and the SDS by DTT interaction
effects were not significant sources for spermatozoal head
area variation

(P > 0.05).

This indicated that the r e 

sponse surface was level and flat.

Mammalian spermatozoal

DNA was said to be the most tightly condensed DNA of
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Table 1.
Response surface regression analysis of variance
of spermatozoal head areas (pixels) treated with sodium
dodecyl sulfate (SDS) and dithiothreitol (DTT).
Source
Model

df

Mean Square

14

Pr>F

802048.0

BREED1

4

626271.80

0.0001

BULL(BREED)2

5

161913 .16

0.0001

LINEAR

2

9055 .49

0.1808

QUADRATIC

2

4524.94

0.4227

SDS*DTT

1

282.01

0.7436

Total Error

115

299900.0

Lack of Fit

75

178874.0

Pure Error

40

121026 .0

Total

129

1101947.14

R2=0 .73 C. V. =3 .36
x5 b r e e d s .
Effect tested with BULL(BREED).
210 bulls.
Effect tested with Pure Error term.

0.8478
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eukaryotes

(124) and was therefore more difficult to de-

condense.

Lassalle and Testart

(69) reported that deter

gents such as Triton X-100 and SDS were required to d i s 
rupt plasma membranes to allow the disulfide reducing
agent DTT to decondense the DNA.
The coefficient of determination (R2) was 0.73,

indi

cating that the model components described 73% of the
variation in the model.

The coefficient of variation

(C.V.) was 3.37, an indication that random variation was
minimized.
The response surface of the decondensation treatments
is shown in Figure 4.

A mathematical solution from RSREG

(102) using the model gives 117 m M SDS and 33 mM DTT as
the optimum decondensation treatment.

Since the interac

tion was non-significant in the analysis,

the probability

of the solution being correct is negligible.
The average spermatozoal head area was 1380 pixels,
which was smaller than results reported by Wilson

(12 8).

The bovine spermatozoa in that study averaged about 4200
pixels in head area

(128).

The magnification of the m i 

croscope and camera was 4150X, and the resolution of the
system was 84 pixels per micron

(128).

Steinholt. et a l .

(108) used image analysis to measure size differences in
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Figure 4.
Bovine spermatozoal head area (pixels) response
surface after sodium dodecyl sulfate (SDS) and dithiothreitol (DTT) decondensation treatment.
Maximum response to
treatment of 10 bulls of 5 breeds: 117 mM SDS and 33 m M
DTT.
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bovine chromosomes.

The resolution of the system was also

84 pixels per micron and 4150X magnification

(108).

The limit of resolution of the equipment in this
study may have affected the ability to determine an opt i 
mum treatment response.

The response to decondensat.ion

was measured by change in sperm head areas which would
have been easier to identify with more sensitive equip
ment .
Experiment 2: Sperm Decondensation
The analysis of variance of Triton X-100, DTT treated
bovine spermatozoa is illustrated in Table 2.
(P < 0.01)

in spermatozoan head areas were found between

bulls within breed.
effect.

Differences

There was also a (P < 0.08) breed

Decondensation treatment did not-affect spermato-

zoal head size.

There was a non significant breed by

treatment interaction.
Figure 5 illustrates the bull by treatment interac
tion effect on sperm head areas.

Brahman bulls had

largerheads than the other breeds, while Angus bulls had
the smallest sperm head areas
Guernsey,

(P < 0.08).

Holstein,

Jersey and Simmental bulls had the same areas.

Chandler et al.

(21) reported two populations of

spermatozoa with a 3.3% difference in head areas.

The

difference was due to the difference in size of the X and
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Table 2. Analysis of variance of spermatozoal head areas
(pixels) of Triton X-100-dithithreitol (TMT) treated bovine
spermatozoa.
Source

df

Mean Square

Pr>F

19

10976.51

BREED1

5

25650.38

0.08

BULL2 (BREED)

7

8266.13

0.01

TMT

1

945.41

0.33

BREED*TMT

5

1646.75

0.22

%DECONDENSED

1

424.97

0.50

6

836.69

Model

Residual
Total

25

R2=0 .98 C. V. =1. 99
1 6 breeds
2 13 bulls
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Figure 5.
Bull by treatment interaction effect on spermatozoal head areas (pixels) before and after 10% Triton X100, 500 mM dithiothreitol in 13 bulls of 6 breeds.
*Mean
decondensation (±S.E.) after 10 fig/ml heparin addition.
a*bMean decondensation with different superscripts differ
(P < 0.05) . °‘eMean head areas of breeds with different
superscripts are different (P < 0.08).
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Y gonosomes.
spermatozoa,

Cui and Matthews

(30) measured the areas of

then performed PCR with a Y chromosome speci

fic probe on the measured cells.

They found that the Y-

bearing spermatozoa were smaller then X bearing cells.
This trial only included one Bos indicus breed,
man, and these bulls had significantly

(P < 0.05) larger

sperm head areas than the other 5 b r e e d s .
bulls'

Bra h 

The Jersey

spermatozoal head areas were smaller than Brahman

and Holstein,

and the same, as Guernsey.

The differences

in head areas seen in this experiment could be explained
by the differences in Y chromosome sizes between breeds as
reported by Eldridge
Jager et al.

(35).

(57) found that the decondensation r e 

sponse to DTT varied within and among species.

They also

found that bovine sperm nuclear DNA required a 10 times
higher level of DTT in order to decondense than other
species.
The analysis

(not shown) did not indicate a

difference in percent decondensed spermatozoa across
breeds.

Percent decondensation after heparin addition did

not influence sperm head areas

(P > 0.05).

The coeffi

cient of determination (R2) for the model was 0.98, while
the C.V. value was 1.99.

The percent decondensed sperma

tozoa are also seen in Figure 5.

The Angus bulls had the

lowest and Simmentals had the highest percentage of
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decondensed or bloomed cells.
isons showed a difference

Least squares means compar

(P < 0.05)

in percent

decondensed cells between Simmental and Guernsey, and
Angus bree d s .
The addition of heparin to assist decondensation was
done according to Parrish et al.

(84) who reported that
»

heparin caused capacitation and compromised the integrity
of spermatozoal plasma membranes.

Jager et a l . (57) used

heparin to decondense human, murine and bovine spermato
zoa.

They reported that human spermatozoa decondensed in

the presence of heparin independently of DTT, but there
was variation between individuals and between individual
ejaculates.

Bovine and murine spermatozoa would not

decondense in the absence of DTT; addition of heparin
after DTT treatment caused an immediate response
The lack of treatment effect

(57).

(Table 2) on spermato

zoal head area could have been due to the limit of resolu
tion of the image analysis system used.
system,

like the one used by Wilson

A more sensitive

(128) may have been

better able to detect treatment differences.
Experiment 3: Evaluation of Y Chromosome Specific Sequence
In the third experiment, various decondensation
treatments were applied to bovine spermatozoa to obtain
DNA for PCR amplification.
from Experiment 2 were used.

Triton X-100 and DTT levels
There was no DNA detectable
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by EtBr stained agarose gels,

indicating that spermatozoal

DNA had not been isolated.
The treatment was repeated using heparin to aid in
decondensing the sperm cells.

Spermatozoal DNA samples

treated with heparin after Triton X-100-DTT exposure, did
not amplify with PCR.

The pBluescript control lane showed

a DNA smear, but no visible DNA bands.

Rolfs et al.

(96)

reported that the presence of as little as 0.05 U heparin
in PCR inhibited the reaction.

Heparin diminished or

completely inhibited amplification of target DNA by Tag
polymerase

(96).

They mentioned that even collecting

blood in heparinized vacutainer tubes affected PCR.

The

blood samples for all trials were drawn into tubes con
taining no additives.

The absence of PCR product was due

to the use of heparin in sperm DNA decondensation.
The second decondensation trial with Genereleaser™
and whole spermatozoa was not successful in isolating DNA
for PCR.

There was no detectable DNA on the agarose gel

from the sperm DNA lanes.

There was DNA isolated from

pBluescript using the Genereleaser'“ system.
(57), Perreault et al.

Jager et a l .

(86) and Morcos and Swan

(76) all

expressed the fact that bovine spermatozoal DNA would not
react to disulfide reducing agents without damaging the
plasma membrane to allow the entrance of the chemicals.
The plasma membrane could be damaged mechanically by

freezing and thawing
(Triton X-100 or SDS)

(84) or chemically with a detergent
(57, 86).

The Genereleaser treat

ment did not include a specific step for compromising
the integrity of the plasma membrane,

so the chemicals may

have simply been unable to reach the DNA.
The third method for isolating bovine sperm DNA in
corporated the microwave lysis of the cells after treat
ment with EDTA, mercaptoethanol and SDS.
sperm DNA visible on the gels.

There was no

Goodwin and Lee

(45) used

the microwave incubation to disrupt the membranes of fun
gal and protist cells to allow their lysis solution to
decondense the DNA.

The presence of EDTA, a chelator

could putatively have inhibited PCR by the removal of
divalent ions

(Mg2*) needed in the PCR reaction mixture

(Sigma Chemical Company).

Taylor

(112) stated that some

detergents, phenol traces and EDTA could inhibit the PCR
reaction.

Rolfs et a l . (96) discussed the inhibition of

PCR by ionic detergents including S D S .

The SDS was

reported to inhibit PCR in concentrations >0.01%.

The 3%

level of SDS required by the lysis solution of Goodwin and
Lee

(45) would have been high enough to inhibit PCR.
The fourth decondensation treatment included KOH and

DTT lysis followed by a neutralization procedure for DNA
isolation

(73).

The procedure was successful in disrupt

ing the spermatozoa plasma membranes and the WBC membranes
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thus exposing DNA.

Microscopic evaluation of the lysis

treated cells before incubation,

showed that a majority of

cells had disrupted plasma membranes.

Evaluation of the

cells post-incubation at 65°C demonstrated few intact
spermatozoal heads.

The mechanical and chemical disrup

tion of plasma membranes was sufficient to allow the d i 
sulfide reducing agent DTT to decondense bovine spermato
zoa

(84) .
The BULL Y1 and BULL Y2 primers were used to amplify

the 960-bp pBS BOV #5-7 sequence.

The PCR was performed

with bovine spermatozoal DNA and WBC DNA.

White blood

cell DNA from cows was incorporated as a control for the
male specific sequence.

The 960-bp sequence was found to

amplify in both bull spermatozoal and WBC DNA.

However,

the amplified DNA sequence was also detected in cow blood.
The PCR was repeated several times with both bull and cow
blood to rule out any contamination possibilities,

and the

960-bp PCR product was repeatedly amplified in cow blood.
Experiment 4: Evaluation of Additional Y Specific Sequence
The PCR was repeated with new primers that would
amplify a 194-bp Y chromosome specific DNA sequence.

The

BRYla and BRYlb primers amplified the 194-bp sequence in
bovine spermatozoa and WBC.

Amplification with the BRY

primers was also performed with cow WBC DNA, and there was
no amplification of the BRY sequence.

The sequence was found to be Y chromosome specific
since it was successfully amplified in bovine semen and
bull blood but not in cow blood.

The BRYla and BRYlb

primers could be incorporated into sexing experiments and
detection of deviation of the sex ratio of spermatozoa
from the theoretical 50:50.

Figure 6 illustrates the

electrophoresis gels.of BRY primers with cow WBC DNA and
bull WBC DNA.

The cow DNA was amplified under optimal

blood DNA conditions

(buffer with 1.5 mM Mg2*, and pH 10) .

There was no DNA amplification in the 12 cow lanes and the
194-bp BRY sequence was amplified in both bull lanes.
Experiment 5: Quantification of Proportion Y Chromosome
Bearing Cells Across Ejaculates
Preliminary Results.

Bovine spermatozoal DNA was

found to amplify optimally with 1.5 mM Mg2* and pH 8.3
buffer, conditions different from those of blood.

To

determine if cow blood DNA was present and amplifiable
under sperm conditions,

PCR was performed with cow WBC DNA

using BULL Y1 and BULL Y2 primers from Experiment 3, BRYla
and BRYlb from Experiment 4, and a combination of the two.
The resulting gel

(Figure 7) showed no amplification of

BRY, but there was amplification of the 960-bp sequence
from pBS Bov#5-7.

The 2 sets of primers would not amplify

DNA when used together in the PCR t u b e .
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Figure 6.
Electrophoresis gels of cow and bull leukocyte
DNA, PCR amplified with BRYla and BRYlb primers.
Lanes 1
and 9: 0X174 HAE III molecular weight marker.
Lanes 2-7,
cow leukocyte DNA amplified in duplicate from 3 cows.
Lanes 8, 10-14, cow leukocyte DNA amplified in duplicate
from 3 cows.
Lanes 15 and 16, bull leukocyte DNA amp l i 
fied in duplicate.
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Figure 7. Electrophoresis gel of cow and bull leukocyte
DNA, PCR amplified with BRYla and BRYlb, and BULL Y1 and
BULL Y2 primers.
Lane 1: 0X174 HAE III molecular weight
marker. Lanes 2-4 cow leukocyte DNA amplified with BULL Y1
and BULL Y2 primers. Lanes 5 and 6, cow leukocyte DNA
amplified with both primer pairs.
Lanes 7 and 8, bull
leukocyte DNA amplified with BRY primers.
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To determine if starting template concentration and
electrophoresis unit type caused intensity measure varia
tion, standard sperm DNA samples were amplified for 35 PCR
cycles and electrophoresed on both Hoefer and Kodak gel
units.

The trial would detect variation between el e c 

trophoresis units and verify if the starting amount of DNA
(30 ng)

in PCR was appropriate.

Figures 8 and 9 illustrate differing starting amounts
of DNA amplified by PCR and electrophoresed on EtBr
stained agarose gels from Hoefer and Kodak electrophoresis
systems.

The DNA samples were from the same PCR reaction

tubes, but emitted varying amounts of fluorescence from
the 2 gel types.

Visually,

the DNA on the Kodak gel a p 

peared to emit brighter fluorescence than DNA from the
Hoefer gel.
Table 3 contains the regression output of sperm DNA
concentration versus amplified DNA band intensity.

The

linear, regression correlation coefficient was higher for
Kodak than Hoefer gels.

Analyzing the data with a

quadratic equation increased the multiple correlation
coefficient of both gel types but not enough to reject the
simpler linear model.

The quadratic response showed that

DNA amplification increased linearly until 90 ng starting
DNA was used.

At this point the intensity decreased
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Figure 8.
Contrast enhanced image of Hoefer electro
phoresis gel of spermatozoal DNA standards (ng) amplified
with BRY primers.
Lane 1: 15 ng original DNA, lane 2: 30
ng, lane 3: 60 ng, lane 4: 90 ng, lane 5: 0X174 HAE III
molecular weight marker, lane 6: 120 ng, lane 7: 150 ng,
and lane 8: buffer.
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Figure 9.
Contrast enhanced image of Kodak electro
phoresis gel of spermatozoal DNA standards (ng) amplified
with BRY primers.
Lane 1: 15 ng original DNA, lane 2: 30
ng, lane 3: 60 ng, lane 4: 90 ng, lane 5: 0X174 HAE III
molecular weight marker, lane 6: 120 ng, lane 7: 150 ng,
and lane 8: buffer.
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Table 3.
Linear and quadratic regression analysis of ng of
spermatozoa! DNA versus intensity on Hoefer and Kodak
electrophoresis gels.
Linear Analysis
Hoefer Gel

Kodak Gel

32.56

1.57

R2

0 .59

0.84

Correlation, r

0.77*

0.92*

0 .6 3 ± .24

1.37±..27

Hoefer Gel

Kodak Gel

17. 69

16 .19

R2

0 .66

0.86

Correlation, r

0.81*

0.93*

Linear Coefficient

1. 4 4 ± .90

0.57± 1 .05

Quadratic
Coefficient

-0.0 5 ± .01

0.00 5 ± .01

Regression Output
Constant

X Coefficient
Quadratic Analysis
Regression Output
Constant

*r significantly different from 0 (P < 0.05)
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before increasing again with higher DNA amounts.

Using

3 0 ng of DNA for PCR was appropriate.
The r values for both models and both gel types were
significantly different from zero
variable)

(106).

(P < 0.05,

1 independent

The high correlation coefficients showed

that there was a strong association between ng of DNA and
intensity of DNA samples on the individual gels.

The

differing slopes of the intensities of DNA from the two
units indicated that the electrophoresis unit type would
contribute to variation in intensity results.
Lot Experiment Results.

Lobel et a l . (74)

reported

that the percent of Y bearing spermatozoa in samples from
95 men ranged from 41.9% to 56.7%.
samples from 95 men,

They used 98 semen

so there was virtually no replication

or estimates of variation.

Experiment 5 was designed to

substantiate or refute the experiment by Lobel et a l .
(74), by including 2 ejaculates per bull, and by analyzing
the contribution of variation in intensity results due to
technique.
Figure 10 shows the contrast enhanced electrophoresis
gel of bovine spermatozoal DNA from one lot from one bull.
The DNA sampled from 5 pooled straws of semen were ampli
fied in 5 separate PCR tubes

(lanes 1, 2, 3, 7 and 8).

There was visible variation in intensities of DNA samples

88
Figure 10.
Contrast enhanced image of electrophoresis gel
of spermatozoal DNA from 1 bull*lot amplified with BRY
primers.
Lanes 1-3: spermatozoal DNA, lane 4: standard
DNA, lane 5: 0X174 HAE III molecular weight marker, lane
6: cow leukocyte DNA, lanes 7 and 8: spermatozoal DNA.
Dark area inside rectangle is contrast enhanced.
Paler
area outside is the unmanipulated g e l . Fluorescent inten
sity measures are made in the contrast enhanced area.
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from lane to lane,

indicating variation in amplification

from one PCR tube to the next.
6) was void of amplified bands.

The cow blood lane

(lane

The BRY primers did not

amplify the 194-bp segment in any of the cow blood sam
ples .
The results of the analysis of variance

(ANOVA) of

intensity measures of PCR amplified bovine spermatozoal
DNA are shown in Table 4.
inclusion

The data-were analyzed with the

(Table 4 A) and exclusion

dard and cow DNA intensity results.

(Table 4 B) of stan
In both analyses,

the

electrophoresis unit by lane interaction was not signifi
cant

(P > 0.05)

indicating that intensity differences in

lanes were consistent across the two electrophoresis unit
types.
There was a significant lane effect in Table 4 A.

It

was believed to be due to difference in intensity of the
spermatozoal DNA samples and the cow sample, and differ
ences between sperm samples and the standard

(P < 0.05) .

The ANOVA of data analyzed excluding cow and standard DNA
(Table 4 B) showed that the lane effect was not due to
intensity differences between spermatozoal DNA samples.
It was due to differences in intensity between amplified
spermatozoal,

standard and cow DNA.

Table 4. Analysis of variance of fluorescent intensity of PCR amplified bovine
spermatozoal DNA from 2 ejaculates (LOT) from 10 Holstein bulls with inclusion (A)
and exclusion (B) of standard and cow DNA samples.
A.
Source

Model

B.

df

Mean
Squares

32

Pr>F

26829.31

df

Mean
Squares

28

Pr>F

23386.76

PCR

4

41115.86

0.2826

4

69244.58

0.2500

BULL(PCR)

5

23994.89

0.1459

5

36579.07

0.1263

10

11322.63

0.0012

10

16137.32

0.0001

UNIT

1

13533.29

0.0573

1

17163.41

0.0335

LANE

6

74752.59

0.0001

4

7380.20

0.1006

UNIT*LANE

6

1287.81

0.9110

4

1257.95

0.8528

LOT(BULL*PCR)

Residual

237

Total

269
R2=0 .49

878746.22

161
189
R2=0. 52

601239.15
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There was a significant effect of electrophoresis
unit on intensity of DNA amplified by PCR
both analyses.

(P < 0.06)

in

This was also seen in the linear regres

sion analysis of ng DNA and intensity on Hoefer and Kodak
electrophoresis gels

(Table 3).

The dimensions of the

Hoefer and Kodak gel casting trays were the same, prod u c 
ing gels of equal thickness.

There was a difference in

the placement of electrodes in the units' buffer chambers.
The electrodes on the Hoefer unit were 1 cm from the front
and back edges of the gel.

On the Kodak unit,

trodes were 6 cm from the gel edges.

the e l e c 

The placement of

electrodes could effect the passage of current through the
unit and gel thereby affecting the DNA passing through the
gel matrix.

If the DNA passed through the gels at slight

ly varying rates it could have compacted differently
thereby producing bands of different widths and intensi
ties .
The LOT(BULL*PCR)
(P < 0.05),

interaction was significant

indicating a difference in intensities of

amplified spermatozoal DNA from different ejaculates
within bulls.
(74).

These results agreed with Lobel et a l .

There was variation in levels of Y bearing sperma

tozoa between different ejaculates in bulls.
illustrates the LOT(BULL*PCR)

Figure 11

interaction using data from
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Figure 11.
Mean fluorescent intensity (absolute) (±SE) of
and percent Y chromosomes in LOT(BULL*PCR) interaction of
10 Holstein bulls in Experiment 5. Bars with different
small superscripts within bull are significantly different
(P < 0.05).
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the analysis excluding standard and cow DNA.

There were

differences in intensities between the lots in bulls 1, 2,
3, 5, and 6 (P < 0.05).

Figure 11 also illustrates the

percent of Y spermatozoa in ejaculates across bulls.

The

mean intensity of spermatozoal DNA samples in the analysis
was 114.83 which was equated with 50% Y-spermatozoa.

The

percentages of Y-spermatozoa ranged from 26.5% to 95.5%.
Lobel et a l .'s study (74) found levels of Y-spermatozoa in
humans varying from 41.9% to 56.7% with a mean of 50.3%.
The mean in Experiment 5 was 50.8%.
The bull nested within PCR run was significant at the
< 0.15 level in both analyses.

The different levels of Y
•

*

i•

bearing spermatozoa between bulls and ejaculates within
bulls could differ just as traits like morphology and
intact acrosomes. Berndtson (14) reported that there was
variability in reproductive characteristics of bulls.
Variability in seminal characteristics were commonly seen
even in such homogeneous groups as select as artificial
insemination bulls.

Saacke

(98) discussed the correlation

of semen quality tests and fertility among bulls and with
in bulls

(different ejaculates).

The quality tests in 

cluded motility, acrosomal integrity and morphology.

He

found variability in quality parameters across bulls and
also across ejaculates within bull.
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The PCR run effect did not influence intensity m e a 
sures

(P >.05).

The DNA samples were run in 5 separate

PCR applications, with 2 semen lots from 2 bulls amplified
each time.

Amplification of DNA at different times had no

effect on DNA intensity results.
Measures from 20 outliers in the Lobel et a l .'s (74)
study were regressed toward the mean before being included
in the analysis.

The researchers concluded that variation

in the outliers was not reproducible

(74).

Ten outliers

in Experiment 5 were excluded from the analysis based on
high standard deviations

(a m e a n ) .

Exclusion of the o u t 

liers increased the coefficient of determination about 1%
to 0.52.
cant

The LOT(BULL*PCR)

(P < 0.05)

interaction remained signifi

indicating that variation was not due to

intensity measures of outlying datapoints.

The R2=0.52

indicated that 48% of variation was unexplained by the
model.
(0.53)

The model had a high coefficient of variation
indicating that there was random error in intensity

measures.

The standard deviation values of intensity

measures were also high in some bulls
mean)

(approaching the

indicating variation in measuring techniques possi

bly due to electrophoresis unit type.

In experiments

using biological matter from several different individuals
(10 bulls)

the source of variation was inter-individual.
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Different bulls spermatozoa and spermatozoal DNA responded
differently to extraction treatment.
Lobel et a l . (74) attributed variation in .levels of
Y-chromosome bearing spermatozoa to inter-individual v a r i 
ation.

They did not study variation of levels of

Y-bearing spermatozoa within individual men.

Experiment 5

identified additional sources of variation in measuring Ychromosome levels using PCR amplification and electrophor
esis.

All sources of known variation were identified.

The only significant contributor to intensity variation
was the LOT(BULL*PCR)

interaction.

There was variation in

Y levels between bulls and. in ejaculates within individual
bulls.
Partitioning the variance components gave the f o l 
lowing results: PCR represented 46.9%, BULL 46.9%, LOT
5.9%, and error 0.12%.

The partitioning shows the mag n i 

tude of each source of variation relative to the total,
and the PCR and BULL components represent 93.8% of the
model variation.
Experiment 6: Quantification of Y bearing spermatozoa in
Manipulated samples.
Intensity measures were made on BRY PCR amplified
spermatozoal DNA samples that had putatively been enriched
for Y bearing spermatozoa with the SEPDEVICE

(128).
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Table 5 illustrates the results of the analysis of v a r i 
ance of DNA intensities.

The model components were tested

with appropriate error terms according to the expected
means square
variation

(106).

(R2) .

The model explained 76% of the model

The treatments in the model included in

the analysis were

spermatozoal DNA samples,

a spermato

zoal DNA standard, buffer and cow leukocyte DNA.
The spermatozoal DNA samples were Control,
Large.

Small and

The Control samples were unmanipulated by the

SEPDEVICE.

The Small and Large samples were taken from

different sections of the SEPDEVICE, where the Small sec
tion cells were theoretically enriched for Y chromosome
bearing spermatozoa.

The DNA from the Small section was

expected to show higher fluorescent intensities than the
Control and Large sections.

Figure 12 shows spermatozoal

DNA amplified for this experiment by BRY primers.
Control,

Small and Large sample

(lanes 1-3)

were compared to the DNA standard intensity
Initially,

The

intensities
(lane 4).

intensity measures from 2 DNA standards

were included in the analysis

(Figure 12, lanes 4 and 6).

Linear contrasts of standard DNA intensity measures showed
that the two were significantly different

(P < 0.05), with

Standard 2 intensity higher than Standard 1,

Standard 1

intensity was the same as Control DNA intensity

99
Table 5. Analysis of variance of fluorescent intensity of
PCR amplified bovine spermatozoal DNA from spermatozoa
manipulated by the SEPDEVICE.
Source
Model

df

Mean
Squares

89

Pr>F

1039.88
5

9913.35

0.0001

BULL(TRT)

24

1109.90

0.0036

GEL(BULL*TRT)

30

389.79

0.9931

UNIT(BULL*TRT)

30

155.05

1.0000

TRT1

Residual
Total

30

980.44

119

R2= 0 .76
^mall, Large or Control spermatozoal DNA samples from
SEPDEVICE

100

Figure 12.
Contrast enhanced image electrophoresis gel of
spermatozoal DNA manipulated by SEPDEVICE and amplified
with BRY primers.
Lane 1: Control sample DNA, lane 2:
Small sample DNA, lane 3: Large sample DNA, lanes 4 and 6:
pooled standard spermatozoal DNA, lane 5: 0X174 HAE III
molecular weight marker, lane 7: cow leukocyte DNA, lane
8: buffer.
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(P > 0.05) .

In preparing x-eaction tubes for PCR, Stan

dards 1 and 2 were sampled from the same tube of target
DNA with the same pipet tip.

There was most probably DNA

left in the pipet tip from the Standard 1 tube that was
pipetted into the Standard 2 tube.

This contributed to

the intensity variation seen between the 2 standards.

The

ANOVA for Experiment 6 was therefore analyzed excluding
Standard 2.
From Experiment 5, it was determined that position of
DNA samples on the electrophoresis gel had no effect on
intensity variation.

The unit by lane interaction

4) was non significant

(Table

(P < 0.05).

The unit nested within bull by treatment interaction
was not significant

(P > 0.05) showing that intensities of

amplified DNA was constant across electrophoresis unit
types.

The gel nested within bull by treatment interac

tion did not contribute to intensity variation

(P > 0.05).

The bull nested within treatment interaction was a
significant contributor to model variation (P < 0.05). The
BULL(TRT)

interaction is illustrated in Figure 13.

The

interaction indicated a difference in intensity of ampli
fied samples within bulls.

The differences were due to

intensity differences between sperm DNA samples and cow
DNA.

Analysis of the data excluding standard,

cow DNA samples

(not shown)

buffer and

showed this to be true.

The
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Figure 13. Mean fluorescent intensity (absolute) (±SE) of
PCR amplified manipulated bovine spermatozoal DNA across 7
gel lanes in 5 bulls.
SM, LRG and CTRL are DNA samples
from SEPDEVICE, STD is spermatozoal DNA standard, MARK is
molecular weight marker, COW is cow leukocyte DNA and BUFF
is buffer.
Bars within bulls with different superscripts
are significantly different (P < 0.05).
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gel lanes contained Control DNA, Small DNA, Large DNA,
spermatozoal standard, molecular weight marker, cow leuko
cyte DNA and Buffer.
Buffer, cow and marker intensities of amplified DNA
for bull 1 were the same
Small, Large,

(P > 0.05).

Intensities from

Control, and standard were the same, but

statistically different from those samples in Bull 1.
Bull 2 amplified DNA samples were the same, as were the
cow DNA and buffer intensities.

Results from intensity

measures in bull 3 showed that buffer,

cow and marker

intensities were the same

Control, Small and

(P > 0.05).

standard intensities did not differ from each other, but
did differ from buffer, cow and marker

(P > 0.05).

Large

sample intensity was lower than all other amplified DNA
samples.
Bull 4 Small, Large and Control samples were the same
as cow DNA and buffer intensities

(P < 0.05).

The stan

dard intensity was higher than the other samples.

In bull

5, SEPDEVICE DNA intensities were the same as the stan
dard, cow DNA and buffer.
There was a significant difference

(P < 0.05)

in

levels of X and Y bearing spermatozoa in the Large and
Small SEPDEVICE DNA only in bull 3.

The rest of the bulls

had the same intensities in both DNA samples from the
SEPDEVICE.

The Large and Small DNA sample intensities
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were the same as the Control sample in the rest of the
bulls.

These results indicated that there was a change in

the sex ratio in 1 out of the 5 bulls, with an enrichment
of Y bearing cells in bull 3.
Linear contrasts of the treatment components indi
cated that across all gels in all 5 bulls,

there were no

differences in intensities of spermatozoal DNA amplified
from Control DNA, and from Small and Large SEPDEVICE DNA
samples.

The results showed that overall,

there were no

differences in levels of manipulated Y-bearing spermato
zoa .
The percentages of Y bearing spermatozoa in the sper
matozoal DNA samples were calculated using the intensity
of sperm DNA standard 1 as the 50% Y reference.

The p e r 

centages of Y bearing spermatozoa in Small and Large DNA
samples in bull 1 were 47.9% and 49.3%.

Bull 2 had 38.5%

Y cells in the Small sample, and 40.49% in the Large.
Bull 3 results showed 67.9% Y level in the Small sample
and 36.3% in the Large.
Bull 4 Small and Large samples had 21.9% and 26.9% Y
levels, while bull 5 had 18.4% and 17.9% Y-bearing cells.
The percentages showed that there was enrichment of Y
spermatozoa in the Small SEPDEVICE spermatozoa in bull 3
only.

The percent Y-bearing cells in Bulls 4 and 5 were

lower than the other 3 bulls.
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Calculating percent Y-cells in the Control samples
found that the first three bulls' average was 52% Y-cells,
while Bulls 4 and 5 averaged 15%.

The low Small and Large

section levels of Y were caused by an overall low level of
Y-bearing spermatozoa in those bulls'

semen.

The differ

ences in average intensities and levels of Y-bearing
spermatozoa across bulls supported results by Lobel et a l .
(74) who found differences in percent Y-bearing spermato
zoa across men.
Sperm separation into Y or X chromosome enriched
samples has been attempted for decades

(46, 67).

Several

techniques have claimed to change the ratio of gonosomes
in sperm samples for sex preselection in the livestock
industry for economic reasons, and for health reasons in
humans

(12, 75).

Evaluation of the sperm separation

techniques were often costly, such as breeding trials, or
non-reliable,

such as the F body screen

(74).

The polymerase chain reaction was found to be a quick
and reliable method to amplify specific DNA sequences
(99).

Visualization of PCR products is most commonly

performed with electrophoresed EtBr stained agarose gels
(101).

Ribiero et a l . (94) used image analysis to quanti-

ficate DNA from PCR gels.

The image analysis system was

sensitive enough to detect differences in intensities of
DNA amplified in Experiments 5 and 6.

CHAPTER 5. CONCLUSION
Decondensation of bovine spermatozoa for in vitro
techniques is necessary for fertilization.

Treatment of

spermatozoa with varying concentrations of SDS detergent
and DTT disulfide reducing agents produced a response
surface that yielded optimum decondensation at 117 mM SDS
and 33 mAf DTT.

There were significant differences

(P <

0.05) in head areas between breeds and individual bulls
within a breed.
Bovine spermatozoa were treated with Triton X-100
detergent and DTT to induce decondensation of chromatin,
then exposed to warm heparin to further compromise the
tightly packed DNA.

Image analysis measurement of sperm

head areas before and after treatment showed that there
were differences in head areas between breeds and between
bulls within a breed.

The results of the decondensation

trials showed that the significant

(P < 0.05) breed and

individual variation in response to chemical treatments
made it difficult to determine one level of treatment
successful with all bulls in all breeds.

The limited

resolution of the image analysis system used in this trial
may have inhibited the detection of treatment differences.
The polymerase chain reaction required decondensed DNA for
amplification... and the decondensation treatment from
Experiment 2 was used.

The BULL Y1 and BULL Y2 primers
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were used to amplify a purportedly Y chromosome specific
sequence.

The heparin from the decondensation treatment

inhibited the PCR reaction.
Several other decondensation treatments failed to
produce DNA suitable for PCR.

The integrity of the sper

matozoal head membrane had to be chemically or mechani
cally compromised to expose DNA to disulfide reducing
agents, without introducing PCR inhibitors.
neutralization treatment of Lien et al.

The lysis and

(73) was compati

ble with PCR.
«

The BULL Y1 and BULL Y2 primers were found to amplify
a 960-bp sequence in bovine spermatozoa, bull and cow
blood.

The BRY sequence was amplified in spermatozoa and

bull WBC DNA yielding a 194-bp segment.

Optimizing the

PCR reaction for blood DNA yielded bands in bull blood,
but none in trials with cow blood.
The Y-specific primers for the BRY sequence were used
to amplify 30 ng of bovine spermatozoal DNA from different
ejaculates to determine if there were deviations in the
levels of Y-bearing spermatozoa between 10 Holstein bulls
and within bulls.

The bull nested within PCR run effect

showed differences in intensity results across b u l l s .
LOT(BULL*PCR)

The

effect was significant indicating that there

was variation in levels of Y-bearing spermatozoa between
different lots or ejaculates as reported by Lobe1 et a l .
(74) .
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There was also a significant effect of electrophore
sis unit type on intensity of PCR amplified bovine sperma
tozoal DNA.

Linear regression of ng DNA versus fluores

cent intensity of the same source DNA electrophoresed on
the 2 unit types showed that there were differences in
intensity results.
Intensity measures on DNA amplified from manipulated,
bovine spermatozoa indicated a significant difference in
levels of Y bearing spermatozoa after treatment on the
SEPDEVICE in 1 out of 5 bulls.

Data were analyzed with

one spermatozoal DNA standard after it was found that the
second DNA standard was always higher than the first due
to repeat pipetting out of the DNA source tube prior to
PCR.
The image analysis system was sensitive enough to
determine differences in intensities of various amounts of
DNA amplified by PCR and differences in intensities influ
enced by bull ejaculates.

The results agreed with the

Lobel et al. study (74) that there was variation in p e r 
cent Y-bearing spermatozoa as measured by fluorescent
intensity within individual ejaculates as well as in ejac
ulates from different bulls.
The PCR is able to amplify specific segments of DNA
from sources as crude as dried blood and paraffin embedded
tissue

(65, 93).

It is also valuable as a diagnostic and

Ill

forensic tool because it can amplify DNA from just one
cell into millions of copies

(1).

The experiments showed

the value of the technology for diagnosis: proving the
male specificity of the BRY primers, and disproving the
male specificity of the BULL Y primers.

The results also

showed that verification of quantitative PCR was possible
with the image analysis system.
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